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summary  / 

This  report  presents  the  progress  on  research  su^orteo  by  the 
Contract  DAMD  i7-7**"C-l»095  during  the  fiscal  year  i978.v  Morphologic, 
immunologic  and  raoiokinetic  studies  have  been  carried  out  to  provide 
NEW  insight  into  THE  BIOREGULATION  OF  LYMPHOCYTE  TRAFFIC  IN  NORMAL  ANIMALS 
AND  HOW  THIS  MAY  BE  MODIFIED  BY  ADJUVANTS  TO  POTENT  I AT^  MMUNE^ESPONSES 
TO  VACCINES.  The  membrane  determinants  of  LYMPHOCYTE  ''hOM  I NG'^ARE  ANALYZED 

AND  EVIDENCE  IS  PRESENTED  FOR  THE  CYTOSKELETAL  CONTROL  OF  THESE  CELLULAR 

INTERACTIONS.  OaTA  ARE  PRESENTED  SUPPORTING  THE  CONCEPT  THAT  "sC^RUBBING' 

OF  lymphocyte  surfaces  by  high  ENDOTHELIAL  CELLS  MAY  BE  AN  IMPORTANT  BUT 
PREVIOUSLY  UNRECOGNIZED  PHENOMENON  FOR  THE  SUCCESSFUL  INITIATION  OF  IN  VIVO 
IMMUNE  RESPONSES.  ThE  POSSIBLE  ROLE  OF  CHEMOTAXIS  IN  REGULATING  THE  ENTRY 
AND  REDISTRIBUTION  OF  LYMPHOCYTE  SUBPOPULATIONS  INTO  DIFFERENT  ANATOMICAL 
REGIONS  OF  PERIPHERAL  LYMPH  NODES  IS  ANALYZED.  STUDIES  OF  THE  MECHANISMS 
BY  WHICH  COMPLETE  FrEUND'S  ADJUVANT  ENHANCES  IMMUNE  RESPONSES  TO  VEE  HAVE 
BEEN  COMBINED  WITH  SURGICAL  THYMECTOMY  TO  DEMONSTRATE  THAT  THE  ABLATION 
OF  T-CELL  SUPPRESSOR  EFFECTS  CAN  POTENTIATE  IMMUNE  RESPONSES  INITIATED  BY 
VACCINE  IN  ADJUVANT. 


PUBLICATIONS 


Johns  Hopkins  Meo.  Journal 
Johns  Hopkins  Med.  Journal 
Fed.  Proc.  37!59'a,'978 
Fed.  Proc.  37*58'b>'978 
Cell.  Immunol.  (Submitted 
Cell  and  Tissue  Kinetics 


i4i:i35,  1977 

(Submitted  for  publication 


FOR  publication) 

(Submitted  for  publication) 


) 


* U 


I 


mmmmm 


Ml 


FORCWARO 

This  annual  progncss  rcport  is  a summary  or  the  research  activities 

CARRIED  OUT  BY  NORMAN  0.  ANOERSON,  M.O.  (PRINCIPAL  I NVEST I GATOR ) , ROBERT 

G.  Hoffman,  B.S.  and  Stephen  C.  Ponchuk,  B.S.  (Associate  Investigators) 

AT  The  Johns  Hopkins  University  School  of  Medicine,  Baltimore,  Maryuno. 
This  work  was  supported  by  Contract  OAHD  i7-7^~C-^09^  and  conducted  under 
Project  3A76276oa83^*-02-92i,  "Prevention  and  Treatment  of  Biologic  Agent 
Casualties". 

In  conducting  this  research,  the  investigators  adhered  to  the  "Guide 
FOR  Laboratory  Animal  Facilities  and  Care",  as  promulgated  by  the  Committee 
ON  THE  Guide  for  Laboratory  Animal  Resources,  National  Academy  or  Sciences, 
National  Research  Council. 


TABLE  OF  CONTENTS 


□AMD  Contract  No.  i7-7»<-C-1*09'):  "ADJUVANT  EFFECTS  ON  IMMUNE  RESPONSES  TO 

BIOLOGICAL  AGENTS" 


Boot  or  Report 


SuMMARr 

Forcwaro 

TaBLC  or  CONTCNTS 


Introduction 
Rcscarch  Objcctivcs 

BaCKOROUND  iNrORMATION 

Projcct  i:  Thc  LvMPMOCYTt  Glvcocalyx  and  tmc  Changes 

Induced  uy  Surface  Ligands. 

Project  2:  The  Blockade  or  Lymphocyte  Recirculation  by 

Surface  Ligands  (the  "Bl inofolo ing"  Hypotmes is) . 

Project  3;  The  Removal  or  Lioano-Membrane  Complexes  from 
Lymphocyte  Surfaces  by  High  Endothelial  Cells 
(the  "Scrubbing"  Hypothesis). 

Project  Cytoskeletal  Controls  of  Lymphocyte  Recirculation. 

Project  ’y:  Lymphocyte  Chemotaxis. 

Project  6;  The  Mechanisms  of  Immunopotent i at i on  by  Complete 
Freuno's  Aojuvant. 

Presentat ions 

Publications 

Literature  Cited 


iantai  Rr 

— 

mi 

RMn  Irrb 

jr 

M 

htt  snMn 

o 

■UMonca 

□ 

NItBIttllOl 

iitnnvTtfi  iTiiittiiiTT 

~«*ILl»i,  ifl 


I 

i 


Appcnoix: 

List  or  Tables 

Page 

Tablc 

1 : 

The  ErrECTS  or  Varying  Concentrations  of  Ruthenium 

Red  Oye  Upon  In  Vitro  Lymphocyte  Functions. 

26 

Table 

2: 

The  Accumulation  of  Radioactivity  in  Rat  Organs 

After  Infusing  3h-Urioine  Labeled  Lymphocytes 

Treated  with  Ruthenium  Red  Dye. 

27 

Table 

3: 

The  Effects  of  Varying  Concentrations  of  Alcian  Blue 
Dye  Upon  In  Vitro  Lymphocyte  Functions. 

26 

Table 

if: 

The  Accumulation  of  Radioactivity  in  Rat  Organs 

After  Infusing  3OOX1O"  3h-Urioine  Labeled 

Lymphocytes  Treated  with  Alcian  Blue  Oye. 

29 

Table 

y- 

The  Effects  of  Concanavalin  A Upon  In  Vitro 

Lymphocyte  Function. 

30 

Table 

6: 

The  Accumulation  of  Radioactivity  in  Rat  Organs 

After  IV  Infusion  with  30OX1O®  3h-Urioine  Labeled 
Lymphocytes  Treated  with  Concanavalin  A. 

3' 

Table 

7: 

The  Effects  of  Anti-Immunoglobul in  Upon  In  Vitro 
Lymphocyte  Function. 

32 

Table 

8: 

The  Accumulation  of  Radioactivity  in  Rat  Organs 

After  Infusing  3OOX1O®  3h-Urioine  Labeled  Lymphocytes 
Treated  with  Anti-Immunoglobulin. 

33 

The  Accumulation  of  Radioactivity  in  Rat  Organs 

After  Infusing  3OOX1O®  3h-Urioine  Labeled  Lymphocytes 
Pre- Incubated  with  Ant i -Thymocyte  Globulin. 

33 

Table 

9: 

The  Effects  of  Cytochalasin  A on  Lymphocytes  In  Vitro. 

3^ 

Table 

lO: 

The  Accumulation  of  Radioactivity  in  Rat  Organs  After 
IV  Infusion  with  300xi0°  3h-Urioine  Labeled  Lympho- 
cytes Treated  With  Cytochalasin  A. 

35 

Table 

1 1 : 

The  Accumulation  of  Radioactivity  in  Rat  Organs  After 
IV  Infusion  With  300xi0°  3h-Urioine  Labeled 
Lymphocytes  Treated  With  Cytochalasin  B at  iO>ig/ml. 

36 

Table 

i2: 

The  In  Vitro  Effects  of  Colchicine  Upo.j  Rat  Thoracic 
Duct  Lymphocytes. 

37 

Table 

•3: 

The  Accumulation  or  Radioactivity  (JJ  or  Total  Dose 
Injected)  in  Organs  of  Normal  Rats  Infused  with 

3OOX1O®  3h-Uridine  Labeled  Lymphocytes  Treated 

WITH  Colchicine  for  ^ Hour. 

3a 

VI 


Ta  BLt  i^l!  Tmc  Accumulation  or  Radioactivity  (%  Total  Dose 
Injcctco)  in  thc  Organs  or  Normal  Rats  iNrusco 
With  3OOX1O"  jH-Urioinc  Labclco  LYMPMoerTts 
pRE-TREATtO  WITH  LuM I COLCM I C 1 NE . 

Table  i^:  Comrarison  or  the  Intra-Nooal  Oistrioution  or  Normal 
AND  Colchicine-Treated  Radiolabeled  Lymbmocytc s »y 
Autorad  I ograi'hy  at  Sequential  Intervals  Aeteh 
Transeusion  into  Normal  Recipients. 

Table  ib:  The  Accumulation  or  Radioactivity  or  Total  Dose 
Injected)  in  Peripheral  Lymph  Nodes  Aeter  Ineusing 
3h-Urioine  Labeled  Thoracic  Duct  Lymihocvtes  Derived 
Prom  Colchicine  Treated  Rats  Into  Normal  Recipients. 

Table  i/s  The  Accumulation  or  Radioactivity  in  Organs  or  Rats 
Ineuseo  with  3h-Urioine  Labeled  Lymphocytes  One  Hour 
Aeter  IP  Injection  with  Colchicine. 

Taole  i(^:  The  Accumulation  or  Radioactivity  Total  Dose 

Injected)  in  Rat  Organs  2^  hours  Atter  Incusing  3^X)xiOt' 
3m-Urioine  Labeled  Lymphocytes  Treated  With 
Vincristine. 

Table  ly:  Chemotactic  Responses  or  OirrERENT  Rat  Leukocyte 
Populations  to  Endotoxin-Activated  Serum. 

Table  20:  Chemotactic  Responses  oe  Normal  Rat  Thoracic  Duct 
Lymphocytes  (TDL)  Incuuateo  With  Con  A and  Then 
Exposed  to  a Gradient  or  Endotoxin-Activated  Serum. 

Table  2i:  The  Identity  or  the  Lymphocyte  Chemoattractant  in 
Endotoxin-Activated  Serum, 

Table  22:  The  Accumulation  or  Radioactivity  (%  Dose  Injected) 

IN  the  Organs  or  Venom-Treated  Rats  at  Sequential 
Intervals  Aeter  Incusing  300xi0^'  3h-Uridine 
Labelcd  Lymphocytes. 

Table  23:  Comparison  or  the  Chemotactic  Responses  or  Rat 
Leukocytes  to  Other  Known  Chemotactic  Factors. 

Table  24:  The  Ability  or  Lymphocytes  to  Secrete  Factors 

Causing  Directional  Migration  of  Other  Lymphoid 

SUBPOPULAT IONS . 


3^ 


40 


4? 

43 

44 
4 s 

4o 

4;' 

4y 


Table  25:  Comparison  or  Regional  and  Contralateral  Axillary  SO 

Lymph  Node  Vi/eights  in  Rats  Injected  SO  With 
Complete  Freund's  Adjuvant. 

Table  26:  Peripheral  Lymphatic  Tissue  Weight  at  Sequential  Si 

Intervals  Apter  Challenge  With  VLC  in  Complete  CFA. 


I 


VII 


Table  Z]:  Sequent ial  Cnanqcs  in  T and  B-Ccll  Zones  or  ')? 

Regional  Lvmi^n  Nodes  Aeter  Ihmuni nation  With 
VEC  IN  Complete  Encuno's  Adjuvant. 

Table  26:  Summary  or  the  Raoiokinetic  and  Morphologic  '>3 

Changes  Appearing  in  Regional  Nodes  Draining 
Injection  Sites  or  VEE  Vaccine  in  CFA. 

Table  29l  Comparison  or  the  Accumulation  or  Radioactivity  in  ‘,>J| 

Axillary  Lymph  Nodes  Aptir  Injecting  3H-URioiNr 
Lahcled  Lymphocytes  into  CFA  Treated  Rats. 

Table  3O:  Comparison  or  the  Accumuiation  or  Radioactivity 
IN  the  Total  Mass  or  Organieeo  Lymphatic  Tissue 
or  CFA-Treateo  Rats. 

Table  31:  The  ErrccTS  or  Adjuvants  Upon  Antihopy  Responses  ')i> 

TO  VLE  Vaccine . 


I 


i 

1 

i 


« 


INTRODUCTION 


*)  RtsctwcM  OejccTivcs.  Thc  goals  or  this  rcscamch  arc  to  dctinc 
tnc  biological  mccmanisms  rcgulating  immune  responses  in  vivo  and  to 

UTILISE  this  information  IN  DEVELOPING  NEW  ADJUVANTS  FOR  POTENTIATING  IMMUNE 
RESPONSES  TO  MARGINAL  VACCINES. 

b)  Backqrouno  Information.  There  is  convincing  cvioence  that 
SUCCESSFUL  initiation  OF  IMMUNE  RESPONSES  TO  MOST  ANTIGENS  DEPENDS  UPON  A 
complex  srouENCE  or:  antigen  presentation;  collaboration  between  T- 
lymphocttes,  B-lymphocytes  and  macrophages;  cellular  proliferation, 

DIFFERENTIATION  AND  MOBILIZATION  WHlCh  MODULATED  BY  SUPPRESSOR  CELLS, 

SPECIFIC  ANTIBODY  AND  LOCAL  MICROENVIRO  LNTAL  CHANGES  INDUCED  BY  THE 
RELEASE  OF  LYMPHOKINES  AND  MACROPHAGE  PRODUCTS  (l,  2,  3i  9)-  SINCE  THE 
EFFECTIVE  USE  OF  ADJUVANTS  DEPENDS  UPON  THE  APPROPRIATE  MANIPULATION  OF 
ONE  OR  MORE  OF  THESE  EVENTS  IN  VIVO  (3l»  PRECISE  DEFINITION  OF  TmE 
MECHANISMS  regulating  UNMOOIFIEO  IMMUNE  RESPONSES  REMAINS  AS  A PRCRCOUISITE 
FOR  UNDERSTANDING  AD JU VANT - I NOUCED  IMMUNOPOTENT I AT  I ON . 

Previous  studies  have  established  that  organized  lymphatic  tissue, 
WITH  its  complex  cellular  populations,  reticular  meshwork,  lymphatic  and 
VASCULAR  connections  PROVIDES  AN  EFFICIENT  LOCUS  FDR  FACILITATING  IN  VIVO 
IMMUNE  responses.  There  is  ample  evidence  indicating  that  antigens 

ENTERING  THROUGH  LYMPHATICS  ARE  EFFECTIVELY  BOUND  AND  CONCENTRATED  WIThIN 
regional  lymph  nodes  which  function  as  stationary  filters  set  astride  TME 
lymphatic  network.  Since  there  are  only  i03  - i05  lymphocytes  capable  of 

REACTING  with  A GIVEN  ANTIGEN  IN  UNPRIMED  ANIMALS,  RANDOM  MOVEMENT  OF 
these  cells  THROUGH  THE  BODY  WOULD  BE  QUITE  UNLIKELY  TO  YIELD  THE  CHANCE 
ENCOUNTER  necessary  FOR  IMMUNE  RECOGNITION.  This  IS  CLEARLY  NOT  THE  CASE 
IN  HIGHER  ANIMALS  AS  GOWANS  (4)  AND  OTHERS  HAVE  ESTABLISHED  THAT 
IMMUNOCOMPETENT  T SB  LYMPHOCYTES  EXHIBIT  A PREFERENTIAL  HOMING  INSTINCT 
FOR  LYMPHOID  ORGANS  AND  CONTINUALLY  PERCOLATE  THROUGH  THESE  ANT  I GE N*B I ND I NG 

filters  as  They  recirculate  between  blood  and  lymph.  This  selective 
lymphocyte  traffic  provides  a highly  efficient  means  of  IMMUNOSURVE I llance 
AND  CAN  BE  REGARDED  AS  ONE  OF  THE  CRITICAL  STEPS  IN  INITIATING  IMMUNE 
REACTIONS  IN  VIVO.  In  ATTEMPTS  TO  RESOLVE  SOME  OF  THC  MECHANISMS  WHICH 
REGULATE  LYMPHOCYTE  RECIRCULATION  OUR  PREVIOUS  PROGRESS  REPORTS  HAVE! 

(l)  PROVIDED  the  first  DETAILED  DESCRIPTIONS  OF  THE  LYMPH  NODE  MICRO- 
VASCULATURE  AND  The  local  hemodynamic  CONTROL  MECHANISMS  WHICH  REGULATE 
the  initial  distribution  of  BLOOD-BORNE  LYMPHOCYTES  WITHIN  LYMPH  NODES; 

!2)  DEFINED  the  ROUTE  FOLLOWED  BY  LYMPHOCYTES  MIGRATING  ACROSS  HEV  WALLS; 

3)  demonstrated  that  these  intercellular  spaces  THROUGH  WHICH  lymphocytes 
EMIGRATE  FUNCTION  AS  ANATOMICAL  COMMUNICATIONS  BETWEEN  LYMPH  AND  BLOOD 
PERMITTING  MACROMOlECULAR  TRACERS  TO  FLOW  FROM  THE  NODE  ACROSS  THE  HEV 
WALL  INTO  THE  VENULAR  LUMENS;  (^ ) PROVIDED  MORPHOLOGIC  DATA  INDICATING 

That  lymphocytes  actively  migrate  through  these  spaces  showing  directional 

MOVEMENT  FROM  THE  VENULAR  LUMEN  INTO  THE  NODAL  PARENCHYMA;  {5)  DOCUMENTED 
that  SELECTIVE  ATTACHMENT  OF  LYMPHOCYTES  UPON  HEV  SURFACES  IS  MEDIATED  BY 
SPECIALIZED  MICROVILLUS  PROJECTIONS  WHICH  I NTERO I G I TATE  WITH  PITS  ON  THE 
ENDOTHELIAL  SURFACE;  (6)  DEMONSTRATED  THAT  HEPARIN  AND  OTHER  SURFACE- 
ACTIVE  AGENTS  CAN  PREVENT  OR  BLOCK  THIS  SELECTIVE  SURFACE  RECOGNITION. 

These  finoings  have  now  been  complemented  by  studies  demonstrating 
that  surface  ligands  can  alter  TME  lymphocyte  surface  (Project  i)  and 
BLOCK  lymphocyte  TRAFFIC  M*  V » (PROJECT  2).  FURTHER,  WE  HAVE  FOUND 
That  these  surface  recognition  mechanisms  are  subjected  to  cttoskeletal 
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CONTROL  THROUGH  TRANSMCMBRANC  RESTRAINTS.  (PROJECT  4).  OuR  RECENT  STUDIES 
ALSO  SUGGEST  THAT  HIGH  ENDOTHELIAL  CELLS  IN  LYMPH  NODES  HAVE  SPECIALIEEO 

phagocytic  capabilities  not  seen  in  other  vessels  which  serve  to  "scrub" 

SURFACE  LIGANDS  AND  AOSORBEO  PROTEINS  FROM  THE  SURFACES  OF  EMIGRATING 

lymphocytes  (Project  3)-  Data  oescribeo  in  Project  5 provides  an  in  vitro 

MODEL  which  appears  TO  BE  QUITE  USEFUL  IN  STUDYING  THE  ROLE  OF  ChEMOTAKIS 
IN  regulating  lymphocyte  TRAFFIC  IN  PERIPHERAL  NODES.  OuR  PREVIOUS 
OBSLRVATIONS  THAT  CHEMICALLY  DISPARATE  ADJUVANTS  SNARE  TNE  COMMON  BIOLOGIC 
PROPERTY  OF  AUGMENTING  CELLULAR  TRAFFIC  INTO  REGIONAL  NODES,  HAVE  NOW  BEEN 
EXPANDED  TO  INCLUDE  DETAILED  OBSERVATIONS  ON  THE  MECHANISMS  OF  IMMUNO- 
POTENTIATION  by  COMPLETE  FrEUNO'S  ADJUVANT  AND  HOW  THIS  EFFECT  CAN  BE 
enhanced  by  THYMECTOMY  (PROJECT  6).  WHEN  ALL  OF  THESE  RESULTS  ARE  COMBINED, 
THEY  CERTAINLY  SUGGEST  THAT  THERE  ARE  SEVERAL  BIOLOGICAL  MECHANISMS  WHICH 
CAN  BE  MANIPULATED  BY  EXISTING  METHODOLOGIES  WHICH  COULD  BE  OF  REAL 
INTEREST  IN  ACHIEVING  I MMUNOPOTENT I A T I ON  TO  MARGINAL  VACCINES. 

PROJECT  I:  The  Lymphocyte  Glycocaltx  and  Its  Modification  by  Surface  Ligands. 


The  precise  mechanisms  responsible  for  the  selective  attachment 

OF  RECIRCULATING  LYMPHOCYTES  TO  HEV  SURFACES  ARE  STILL  CONTROVERSIAL.  SINCE 
GeSNER  and  WoBORUFF  (1969)  found  that  treatment  with  dilute  TRYPSIN  COULD 

PREVENT  lymphocytes  FROM  RECIRCULATING  THROUGH  PERIPHERAL  NODES,  IT  HAS 
SEEN  GENERALLY  ASSUMED  THAT  SURFACE  GLYCOPROTEINS  MEOIATE  THE  SELECTIVE 
INTERACTIONS  WITH  HEV.  WHILE  THIS  PREMISE  MAY  BE  CORRECT,  OTHER  INVESTIGATORS 
(Singer,  i975)  nave  stated  that  such  findings  can  hardly  be  considered  as 
CONVINCING  EVIOCNCC  FOR  GLYCOPROTEINS  SERVING  AS  SURFACE  RECOGNITION 
mechanisms  AS  There  is  ample  proof  that  PROTEASE  TREATMENT  CAUSES  MANY 
MODIFICATIONS  IN  THE  LYMPHOCYTE  SURFACE  SUCH  AS  CHANGES  IN  ZETA  POTENTIAL, 
ALTERED  CHARGE  DISTRIBUTION  AND  RELEASE  OF  SURFACE  RECEPTORS  FROM  PERIPHERAL 

transmembrane  restraints.  These  criticisms  have  been  answered,  in  part,  by 

OBSERVATIONS  OESCRIBEO  IN  OUR  PREVIOUS  PROGRESS  REPORTS  WHICH  DEMONSTRATED 
that:  (i)  dilute  trypsin  could  also  dislodge  adherent  LYMPHOCYTES  FROM 

HEV  WHICH  SUGGESTED  THAT  THE  SAME  PROTEASE  SENSITIVE  SURFACE  CONSTITUENTS 
WERE  RESPONSIBLE  FOR  RECOGNITION  AND  ATTACHMENT,  AND  (2)  OUR  ULTRAS TRUCTURAL 
observations  which  showed  that  lymphocytes  attached  to  HEV  THROUGH  VILLUS 
PROJECTIONS  WHICH  I NT ERO I G I T A TED  WITH  FOCAL  SURFACE  DEPRESSIONS  ON  THE 
ENDOTHELIAL  CELLS  AND  WHEN  SURFACE  COAT  OLIGOSACCHARIDES  WERE  PRESERVED  BY 
SPECIAL  fixation  TECHNIQUES,  A FIBRILLAR  ARRAY  OF  ELECTRON  DENSE  MATERIAL 
WAS  SEEN  BRIDGING  THE  I NTR AMEMBR ANOUS  GAPS  WITHIN  THESE  CONTACT  POINTS. 

As  These  morphologic  findings  provide  the  best  available  evidence 

SUGGESTING  THAT  LYMPHOCYTE  ATTACHMENT  TO  HEV  SURFACES  MAY  BE  DEPENDENT 
UPON  SURFACE  COAT  INTERACTIONS,  WE  HAVE  INITIATED  STUDIES  TO  BETTER 
characterize  the  OUTER  STRUCTURE  OF  LYMPHOCYTE  MEMBRANES. 

Other  investigators  have  employed  selective  staining  techniques 

TO  DEFINE  A GLYCOPROTEIN-RICH  SURFACE  COAT  EXTERNAL  1'  THE  PLASMA  MEMBRANE 
IN  A WIDE  VARIETY  OF  CELL  TYPES  WHICH  HAS  BEEN  POSTULATED  TO  PLAY  IMPORTANT 
ROLES  IN  CELLULAR  RECOGNITION,  D I FFERENT I AT  I ON , CONTACT  INHIBITION,  ETC. 

In  view  of  recent  biochemical  studies  of  membrane  composition,  THESE 

STAINING  PROCEDURES  PROBABLY  DEFINE  COMPLEX  POLYSACCHARIDES,  P'.OTEOGLYCANS 
AND  GLYCOPROTEINS  WHICH  ARC  ANCHORED  TO  THE  PLASMA  MEMBRANE  THROUGH 
HYDROPHOBIC  "TAILS"  IMBEDDED  IN  THE  LIPID  BILAYER  AS  WELL  AS  PERIPHERAL 
MEMBRANE  CARBOHYDRATES  WHICH  ARE  LINKED  TO  INTEGRAL  COMPONENTS  BY  HYDROGEN 
BONDING,  SALT  BRIDGES  OR  OTHER  FORCES.  ThC  INTERACTIONS  OF  CATIONIC 
DYES  OR  SPECIFIC  LIGANDS  WITH  THESE  SURFACE  CARBOHYDRATES  PROVIDES  A UNIQUE 
OPPORTUNITY  TO  STUDY  OUTER  MEMBRANE  STRUCTURE  AND  ITS  PUTATIVE  LINKAGE  TO 


3 


TnC  LTM’MOCYTC  CYTOSKCLtTON  OY  UL TR *STHUC TUB AL  TCCHNIQUCS. 

Wc  ARC  currently  CARRYING  OUT  SUCH  STUDIES  IN  COLLABORATION 
WITH  Major  Arthur  Anderson  at  USAHRIIO  using  ^ oirrcRENT  agents  which 
REACT  with  lymphocyte  MEMBRANES.  ThE  RESULTS  OF  THESE  EXPERIMENTS  ARE 
detailed  below. 

a)  Ruthenium  Red.  Thoracic  duct  lymphocytes  were  collected 

FROM  BuLLMAN-TYPE  FISTULAS  IN  NORMAL  LewIS  RATS.  AfTER  WASHING  ONCE, 
these  cells  were  DIVIDED  INTO  2 SAMPLES.  OnE  ALIQUOT  WAS  ADDED  DIRECTLY 
TO  PHOSPHATE-BUFFEREO  39^  GLUTARALDCHYOE  CONTAINING  0.0‘t)(  RUTHENIUM  RED 
AND  PROCESSED  FOR  ELECTRON  MICROSCOPY.  ThE  REMAINING  CELLS  WERE 
INCUBATED  IN  CULTURE  MEDIUM  CONTAINING  O.O^jt  RUTHENIUM  RED  FOR  lO  MINUTES 
37*^C,  washed,  and  cultured  in  M-199  SUPPLEMENTED  WITH  \0%  RAT  SERUM. 

At  sequential  time  intervals  ranging  from  2 minutes  to  2^  hours, 
representative  cultures  were  harvested,  washed  and  fixed  in  phosphate- 
buffered  qlutaraldehyde  . The  results  of  these  studies  have  shown  that 

THE  ADDITION  OF  RUTHENIUM  RED  DURING  FIXATION  RESULTED  IN  THE  LYMPHOCYTES 

BEING  COVERED  BY  A THIN  LAYER  OF  ELECTRON  DENSE  MATERIAL  MEASURING 

90  - 27OAO  IN  THICKNESS  WHICH  SURROUNDED  THE  ENTIRE  PERIPHERY  OF  MOST  CELLS. 

In  a few  lymphocytes  this  layer  was  interrupted  in  SOME  POINTS  BY  GAPS  OF 
UNLABELED  membrane  which  CORRESPONOCO  to  PROTRUSIONS  or  MICROVILLI#  This 
rather  uniform  staining  of  the  lymphocyte  glycocalyx  with  ruthenium  red 
CHANGED  dramatically  IF  THE  CELLS  WERE  CULTURED  PRIOR  TO  FIXATION.  CELLS 
FROM  THE  2-1O  minute  CULTURES  SHOWED  THAT  THE  RUTHENIUM  RED-STAINED 
GLYCOCALYX  WAS  NOW  BROKEN  UP  INTO  A FUEZY,  UNEVEN  LAYER  INTERSPERSED 
BETWEEN  LARGE  SEGMENTS  OF  UNSTAINED  MEMBRANE.  By  3^^  MINUTES,  VIRTUALLY 
ALL  LYMPHOCYTES  DISPLAYED  RUTHEN I UM-REO  GLYOCALYCEAL  COMPLEXES  CONCENTRATED 
AS  A BROAD  CAP  OVER  THE  UROPOO,  Wh I LE  OUR  STUDIES  ON  THE  SUBSEQUENT  FATE 
AND  rate  of  clearing  OF  THESE  MEMBRANE  CAPS  ARE  STILL  IN  PROGRESS, 
preliminary  observations  suggest  that  the  RUThEN IUM-REO  TRACER  IS  SLOWLY 
CLEARED  FROM  THE  LYMPHOCYTE  CAP  BY  ENDOCYTOSIS  AND  SHEDDING  OVER  THE  NEXT 

4-6  HOURS.  Equally  interesting  were  observations  that  this  sequential 

PROGRESSION  FROM  DIFFUSE  COATING  TO  PATCH  AND  FINALLY  CAP  FORMATION 
WERE  PARALLELED  BY  CYTOSKELETAL  CHANGES.  In  LYMPHOCYTES  WHERE  THE 
GLYCOCALYX  WAS  STAINED  DURING  FIXATION,  A NETWORK  OF  THIN  M I C ROF I L AMENTS 
WAS  SEEN  EVENLY  DISTRIBUTED  IN  THE  PERIPHERAL  CYTOPLASM  JUST  BENEATH  THL 

plasmalemma.  When  the  cells  were  fixed  at  iO  minutes  after  exposure  to 
ruthenium  red,  thicker  layers  OF  THE  SUBMEMBR ANOUS  M I CROF I L AMENTS  WERE 
SEEN  beneath  the  SURFACE  PATCHES  WHILE  THE  DELICATE  NETWORK  OF  SUBPLASMALEMMAL 
MICROFILAMENTS  APPEARED  UNALTERED  BENEATH  THE  INTERVENING  SEGMENTS  OF 
membrane  DEVOID  OF  SURFACE  STAINING.  WhEN  CAP  FORMATION  APPEARED  AFTER 
30  MINUTES,  WIDE  BUNDLES  OF  MICROFILAMENTS  WERE  FOUND  CONCENTRATED  WITHIN 
THE  UROPOO  IN  A DEEPER  LOCATION  EXTENDING  FROM  THE  GOLGI  REGION  TOWARDS 
THE  CAPPED  MEMBRANE.  ThIS  COMPLEMENTARY  REDISTRIBUTION  OF  CYTOPLASMIC 
MICROFILAMENTS  AS  RUTHENIUM  RED  PATCHES  AND  CAPS  ON  1 E LYMPHOCYTE  SURFACE 
CERTAINLY  SUGGESTS  THAT  AT  LEAST  SOME  PORTIONS  OF  THE  LYMPHOCYTE  GLYCOCALYX 
are  linked  Through  the  membrane  to  the  cytoskeleton.  This  concept  has 
BEEN  DIRECTLY  APPLIED  TO  IN  VIVO  CELL  TRAFFIC  IN  STUDIES  DESCRIBED  IN 
LATER  SECTIONS  OF  THIS  REPORT  WHERE  PHARMACOLOGIC  AGENTS  WHICH  DISRUPT 
THE  cytoskeleton  ARE  SHOWN  TO  BLOCK  LYMPHOCYTE  ENTRY  INTO  PERIPHERAL  NODES. 

b)  Alc IAN  Blue . The  same  general  experimental  design 

DESCRIBED  ABOVE  HAS  BEEN  FOLLOWED  IN  USING  ALC IAN  BLUE  DYE  TO  STAIN  THE 

lymphocyte  glycocalyx.  While  comparable  concentrations  of  this  dye 


(0.5  - 0.05J<)  CAUSED  OyEAT  CYTOTOXICITY  READILY  DEMONSTRATED  BY  TRYPAN 
BLUE  EXCLUSION,  THE  USE  Of  .00?  - .000?J<  ALCIAN  BLUE  HAS  CONSISTENTLY 
YIELDED  DIFFUSE  STAINING  OF  THE  LYMPHOCYTE  SURFACE  COAT  WHICH  PROGRESSED 
TO  PATCN  AND  CAP  FORMATION  WITHIN  30  MINUTES  WITH  OLNTICAL  PATTERNS  OF 
REORGANIEAT ION  OF  THE  CYTOPLASMIC  M I CROF I L AMENTS . ThESE  OBSERVATIONS 
CLEARLY  establish  THAT  THESE  CHANGES  IN  LYMPHOCYTE  STRUCTURE  CAN  BE 
GENERALIZED  TO  A VARIETY  OF  DIFFERENT  CATIONS  WHICH  REACT  WITH  SURFACE 

carbohydrates. 

c)  Ferritin-Conjugated  Cowcawavalin  a.  Other  investigators 
(Yahara  and  Coelman,  i97**>  Karnovsxy  and  Unanue,  1197^)  have  reported  that 
the  plant  lectin  - concanavalin  a selectively  binds  to  mannosioe  residues 
IN  THE  CARBOHYDRATE  SIDE  CHAINS  OF  GLYCOPROTEINS,  ANO  AT  HIGH  CONCENTRATIONS 
This  INTERACTION  CAN  INHIBIT  THE  PATCHING  ANO  CAPFINC  OF  OTHER  SURFACE 

ANTIGENS.  While  there  still  is  some  debate  over  whether  this  inhibition 

OF  CAPPING  IS  DUE  TO  ANCHORING  OF  THE  SURFACE  RECEPTORS  THROUGH  A MEMBRANE 
MODULATING  SYSTEM  OR  SIMPLY  THE  DIRECT  RESULT  OF  CROSSLINKING  OF  THE  VARIOUS 

membrane  components  by  Con  A,  this  lectin  certainly  provides  a means  for 

COVERING  MEMBRANE  GLYCOPROTEINS  WHICH  MIGHT  PREVENT  SURFACE  RECOGNITION 
BETWEEN  lymphocytes  ANO  HIGH  ENDOTHELIAL  CELLS. 

Because  of  our  interest  in  such  potential  "bl inofoloing" 

EFFECTS,  WE  HAVE  BEGUN  A SERIES  OF  STUDIES  ON  THE  ULTRASTRUCTURAL  CHANGES 
INDUCED  IN  RAT  THORACIC  DUCT  LYMPHOCYTES  BY  CONCANAVALIN  A.  Wh I LE  HIGH 

concentrations  of  This  lectin  (<  20  ug/ml)  can  coat  the  outer  lymphocyte 
membrane  to  produce  a thin  LAVER  OF  INCREASED  RAOIOOENSITY  DEMONSTRABLE 
BY  HIGH  RESOLUTION  ELECTRON  MICROSCOPY,  WE  HAVE  PURPOSELY  AVOIDED  THIS 

approach  as  such  dosages  also  produce  rapid  cell  death  (de  Petris,  i973)' 
Instead,  we  have  labeled  highly  purified  con  A with  ferritin  using 
techniques  described  by  Cdelhan  (i973)*  Then  rat  thoracic  duct  lymphocytes 

WERE  incubated  IN  VITRO  WITH  NON-C YTOTOX I C CONCENTRATIONS  OF  THIS  REAGENT 
(l-lO  jug/ml)  FOR  lO  MINUTES  AT  37°^.  ThE  CELLS  WERE  THEN  WASHED)  RETURNED 
TO  CULTURE  MEDIA  FOR  INTERVALS  RANGING  FROM  [20  MINUTES,  ANO  THEN  FIXED 
IN  GLUTARALOEHYOE  ANO  PROCESSED  FOR  ELECTRON  MICROSCOPY.  SEVERAL  INTERESTING 
FEATURES  HAVE  EVOLVED  FROM  THESE  STUDIES.  In  EACH  SAMPLE  EXAMINED,  THIS 
PROCEDURE  MAS  YIELDED  SURFACE  LABELING  OF  90"9^Jt  Of  *>-L  THE  LYMPHOCYTES 
BY  SCATTERED  FERRITIN  PARTICLES  DISTRIBUTED  AS  SINGLE  GRANULES  OVER  THE 
membrane  or  coalesced  patches  of  multiple  FERRITIN  PARTICLES.  DIFFUSE, 
homogeneous  labeling  comparable  to  that  PRODUCED  BY  THE  METAL  DYES  HAS 
NEVER  BEEN  SEEN.  FURTHER,  WHEN  THESE  CELLS  ARE  EXAMINED  AFTER  PROGRESSIVE 
TIME  intervals  OF  CULTURE,  THERE  IS  A DEFINITE  TENDENCY  FOR  THE  FERRITIN 
TRACER  TO  AGGREGATE  INTO  DISCRETE  FOCAL  PATCHES  BUT  FRANK  CAPPING  HAS  BEEN 
OBSERVED  IN  ONLY  OF  THE  CELLS.  WhILE  THIS  MAKES  IT  DIFFICULT  TO 

determine  whether  CON  A INDUCES  A REORGANIZATION  OF  THE  LYMPHOCYTE 
CYTOSKELETOn;  these  patches  appear  to  persist  for  hours  with  ONLY  MINIMAL 
SIGNS  OF  THEIR  BEING  CLEARED  BY  SHEDDING  OR  ENOOCYTO. IS.  SuCH  FINDINGS 
SUGGEST  that  THIS  LECTIN  MAY  BE  AN  IDEAL  AGENT  FOR  DETERMINING  THE  EFFECTS 
OF  MEMBRANE  "bL I NOFOLD  I Ng"  UPON  LYMPHYCYTE  TRAFFIC  IN  VIVO  AS  SHOWN  IN 

Project  2. 


o)  Ferritin  and  Peroxidase  Conjugated  Ant i-Immunoglobul in. 
There  is  an  extensive  literature  demonstrating  that 
tracer-conjugated  ant  I- immunoglobul ins  bind  selective  to  lymphocyte  surface 
IgG  to  produce  patching  ANO  CAPPING.  To  PERMIT  DIRECT  COMPARISONS  WITH 
OBSERVATIONS  MADE  WITH  THE  CATIONIC  DYES  ANO  CON  A,  WE  HAVE  ALSO  UNDERTAKEN 
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A eRicr  evaluation  or  the  ultrastructural  chances  induced  in  lymphocytes 

BY  ANT  I -IMMUNOGLOBULINS. 

Rabbit-anti-rat  IcG  conjugated  with  either  horseradish 
peroxidase  or  territin  was  purchased  from  Cappell  Laboratories 

(OOWNINGTOWN,  Pa . ) . AfTER  ABSORBING  THIS  MATERIAL  TWICE  WITH  AN  EQUAL 
VOLUME  OF  FRESHLY  ISOLATED  Lew I S RAT  THYMOCYTES  TO  REMOVE  POSSIBLE 
SPECIES-SPECIFIC  ANTIBODIES,  THE  CONJUGATED  GLOBULIN  WAS  DILUTED  TO  A 
CONCENTRATION  OF  ^ MG.  PROTEIN  PER  ML.  ThIS  ADSORBED  ANTIBODY  WAS  THEN 
REACTED  WITH  RAT  THORACIC  DUCT  LYMPHOCYTES  (wHICH  HAD  BEEN  WASHED  X3  TO 
REMOVE  EXTRANEOUS  PROTEINs)  FOR  ^ HOUR  AT  5°C . ThE  CElLS  WERE  THEN 
CENTRIFUGED,  WASHED,  AND  TRANSFERRED  TO  CULTURE  MEDIUM.  AfTER  INCUBATION 
at  37°^  fO**  VARYING  TIME  INTERVALS,  THE  CELLS  WERE  HARVESTED  AND  PROCESSED 
FOR  EM  STUDIES  USING  METHODS  DESCRIBED  PREVIOUSLY.  ELECTRON  MICROGRAPHS 
OF  these  LYMPHOCYTES  SHOWED  THE  TYPICAL  SEQUENCE  OF  SCATTERED  DIFFUSE 
LABELING  OF  THE  OUTER  MEMBRANE  SURFACE  BY  ELECTRON  DENSE  TRACERS  IN  l/3 
or  The  THORACIC  DUCT  CELLS  WHICH  RAPIDLY  PROGRESSED  DURING  INCUBATION  AT 
37°  TO  patch  and  cap  FORMATION  AT  5 HOUR.  AT  LATER  INTERVALS  (2-4  HOURS ) 

THE  LYMPHOCYTE  SURFACES  WERE  COMPLETELY  FREE  OF  TRACER,  BUT  FERRITIN 
GRANULES  COULD  BE  DEMONSTRATED  WITHIN  ENOOCYTIC  VACUOLES  AND  EXTRACELLULAR 
DEBRIS.  Of  equal  interest  in  THIS  STUDY,  WERE  OBSERVATIONS  THAT  NUCLEAR 
PORES  TENDED  TO  LIE  DIRECTLY  BENEATH  MICROVILLUS  PROJECTIONS  IN  CELLS  WHICH 
HAD  NOT  YET  DEVELOPED  LARGE  PATCHES  OR  CAPS.  MoST  OF  THESE  MICROVILLI 
CONTAINED  A CENTRAL  CORE  OF  ALIGNED  MICROFILAMENTS  PASSING  ALONG  THEIR 
LONGITUDINAL  AXIS,  AND  IN  SOME  CELLS  THESE  FILAMENTS  OR  THE  SURROUNDING 
ZONE  OF  RIBOSOMAL  EXCLUSION  COULO  BE  TRACED  THROUGH  THE  CYTOPLASM  TO  SITES 
AT  OR  NEAR  THE  UNDERLYING  NUCLEAR  PORE.  As  PATCHING  PROGRESSED  TO  CAPPING, 

THE  MICROFILAMENTS  APPEARED  TO  BE  REORGANIZED  INTO  BROAD  BUNDLES  CONCENTRATED 
IN  THE  CYTOPLASM  BENEATH  CAPPED  MEMBRANE  OF  THE  UROPOO . In  THESE  CELLS 
THE  NUCLEUS  APPEARED  TO  BE  ROTATED  OR  REORIENTED  SO  THAT  THE  NUCLEAR  PORES 
WERE  ALL  CONCENTRATED  ON  THE  POLE  OF  THE  NUCLEUS  FACING  THE  UROPOO  WHILE 
THE  PARANUCLEAR  CYSTERN  DOMINATED  THE  OPPOSITE  NUCLEAR  POLE.  ThESE 
OBSERVATIONS  ARE  PARTICULARLY  INTRIGUING  FOR  THEY  CERTAINLY  SUGGEST  THAT 
ALTERATIONS  IN  THE  OUTER  LYMPHOCYTE  MEMBRANE  ARE  TRANSMITTED  INTO  CYTOSKELETAL 
REORGANIZATION  WITH  CONCOMITANT  CHANGES  IN  NUCLEAR  MORPHOLOGY.  S I NCE  THIS 
LIGAND  IS  KNOWN  TO  BE  MITOGENIC,  THESE  FINDINGS  MAY  PROVIDE  THE 

cytostructural  basis  on  HOW  membrane  signals  are  transmitted  to  the  nucleus. 
Because  of  these  implications  further  study  of  this  phenomenon  is  in  progress. 

Project  2.  The  Blockade  of  Lymphocyte  Recirculation  by  Surface  Ligands. 

(Yhe  "Blindfolding"  Hypothesis). 

In  the  mid  1960's,  Medawar  postulated  that  coating  or  covering 
OF  lymphocyte  surfaces  by  non-toxic  agents  might  disrupt  lymphocyte 
recirculation  by  "blindfolding"  the  membrane  segments  required  for  surface 
RECOGNITION.  Subsequent  attempts  to  document  the  val.oity  of  this  concept 
for  explaining  the  altered  lymphocyte  traffic  kinetics  produced  by  anti- 
immunoglobulins, lectins  and  mitogens  have  been  inconclusive.  Since  the 
observations  outlined  in  Project  i have  defined  several  different  agents 
which  cause  diffuse  and  prolonged  coating  of  lymphocyte  surfaces,  we 
have  combined  This  metholology  with  quantitative  measurement  of  radiolabeled 
lymphocyte  traffic  kinetics  to  determine  whether  "blindfolding"  by  surface 
LIGANDS  can  block  LYMPHOCYTE  RECIRCULATION  IN  VIVO. 
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a)  Studies  with  Ruthenium  Reo»  The  jn^  vitro  crrecrs  or 
VARYING  concentrations  OF  RUTHENIUM  RED  DYE  UPON  RAT  LYMPHOCYTES  ARE 
SUMMARIZED  IN  TaBLE  I.  ThESE  RESULTS  SHOW  THAT  5 X lO°  RAT  SPLEEN  CELLS 
CULTURED  FOR  "JZ  HOURS  WITH  RUTHENIUM  RED  AT  DOSAGES  OF  (O.Ol  - I .O)  MG/ML 
failed  to  INCORPORATE  3H-THYMI0INE  AT  LEVELS  INDICATIVE  OF  A MITOGENIC 
RESPONSE.  High  dye  concentrations  ( i .0  mq/hl)  caused  immediate 

AGGLUTINATION  AND  DIRECT  TOXIC  EFFECTS  ON  THORACIC  DUCT  LYMPHOCYTE  SUSPENSIONS. 

However,  these  changes  were  not  seen  when  the  dosage  of  ruthenium  red 
WAS  REDUCED  TO  0.1  - 0,5  Mg/mL.  OeSPITE  THE  PRODUCTION  OF  SURFACE 
patches  and  CAPS  DEMONSTRABLE  BY  TEM,  RAT  LYMPHOCYTES  TREATED  WITH  LOW 
DYE  concentrations  DISPLAYED  NORMAL  PATTERNS  OF  RANDOM  AND  DIRECTIONAL 
MOVEMENT  WHEN  THEIR  MIGRATION  IN  AGAROSE  PLATES  WAS  ASSAYED  AGAINST 
ENDOTOXIN  activated  SERUM. 

Direct  assessment  of  the  possible  cell  traffic  changes  induced 

BY  COATING  LYMPHOCYTE  SURFACE  WITH  RUTHENIUM  RED  WAS  THEN  MADE  USING 
TECHNIQUES  DESCRIBED  IN  OUR  PREVIOUS  PROGRESS  REPORTS.  AFTER  LABELING 
rat  THORACIC  DUCT  LYMPHOCYTES  BY  I N V I TRO  INCUBATION  WITH  3H-URIDINE, 
these  cells  were  WASHED  AND  EXPOSED  TO  VARYING  CONCENTRATIONS  OF  RUTHENIUM 
RED  FOR  lO  minutes  AT  37°^.  ThEN  THE  CELLS  WERE  WASHED  AGAIN,  RESUSPENDED 
IN  CULTURE  MEDIUM  AND  INJECTED  INTRAVENOUSLY  INTO  NORMAL  LEW I S RATS  AT  A 
DOSE  OF  lO®  PER  GRAM  BODY  WEIGHT.  ThE  RECIPIENTS  WERE  KILLED  AT  SEQUENTIAL 
INTERVALS  POST- I NFUS ION  AND  THEIR  VISCERA  EXCISED,  WEIGHED  AND  PROCESSED 
FOR  WHOLE  organ  COUNTING.  ThE  RESULTS  OF  THESE  STUDIES  ARE  SUMMARIZED  IN 
Table  2 which  shows  that  cytotoxic  dye  concentrations  (i  mg/ml)  caused  a 

MARKED  SUPPRESSION  IN  THE  ACCUMULATION  OF  RADIOLABELED  LYMPHOCYTES  IN 
LYMPHOID  ORGANS  WHICH  WAS  PARALLELED  BY  INCREASED  HEPATIC  UPTAKE  OF 

radioactivity.  When  the  3h-urioine  labeled  cells  were  exposed  to 

RUTHENIUM  RED  AT  DOSES  OF  O.O5  Mg/mL  BEFORE  INFUSION,  THEIR  ENTRY  INTO 
PERIPHERAL  NODES  WAS  REDUCED  BY  AT  EACH  TIME  INTERVAL  STUDIED.  WHILE 

THIS  COULD  REFLECT  "BLINDFOLDING",  THIS  REOUCTIDN  IN  RADIOACTIVITY 
WITHIN  LYMPHOID  TISSUES  CAN  BE  ACCOUNTED  FOR  BY  THE  ENHANCED  HEPATIC 
UPTAKE  OF  ^H-URIDINE  SEEN  IN  THE  SAME  ANIMALS.  SiNCE  DEAD  OR  SEVERELY 
damaged  lymphocytes  tend  TO  SEQUESTER  IN  THE  HEPATIC  RE  SYSTEM  AFTER 
TRANSFUSION,  THE  ABOVE  FINDINGS  CAN  BEST  BE  EXPLAINED  BY  RUTHENIUM  RED 
INDUCED  CYTOTOXICITY  WHICH  WAS  MOT  DETECTED  BY  DYE  EXCLUSION  METHODS. 

This  concept  is  supported  by  dur  observations  that  lymphocytes  treated  with 
ruthenium  red  at  O.Ol  mg/ml  SHOWED  IDENTICAL  PATTERNS  OF  PATCHING  AND 
CAPPING  OF  THEIR  SURFACE  COMPONENTS,  BUT  WHEN  THESE  CELLS  WERE  INFUSED 
IN  VIVO  THEY  DISPLAYED  COMPLETELY  NORMAL  TRAFFIC  KINETICS  IN  LYMPHOID  ORGANS. 

When  combined  with  results  presented  in  Project  i,  these  findings  indicate 
that  ruthenium  red  can  combine  with  diffuse  surface  coat  constituents 

WITHOUT  AFFECTING  THE  ABILITY  OF  LYMPHOCYTES  TO  RECIRCULATE  J_N  VIVO. 

This  negates  simplistic  theories  of  cellular  "blindfolding",  but  it  does 

NOT  PRECLUDE  A ROLE  FOR  SURFACE  COAT  IN  THE  ATTACHMENT  SEQUENCE  AS  MOST 
OF  THE  lymphocyte  MEMBRANES  ARE  CLEARED  DF  DYE  AS  THE  COMPLEXES  AGGREGATE 
AND  CAP  OVER  THE  UROPOD.  UlTRASTRUCTURAL  STUDIES  ARE  IN  PROGRESS  TO 
CLARIFY  THIS  ISSUE  BY  DETERMINING  WHETHER  RUTHENIUM  RED  TREATEO-L YMPHOCYTES 
DO,  IN  FACT,  ATTACH  TO  HEV  SURFACES  AND  EMIGRATE  ACROSS  THE  VENULAR  WALL 
IN  A NORMAL  MANNER. 


b)  Studies  with  Alcian  Blue  Dye.  The  effects 

ODSES  OF  ALCIAN  BLUE  DYE  UPON  RAT  LYMPHOCYTES  IN  VARIOUS  J_N 
ASSAYS  ARE  SHOWN  IN  TaBLE  I.  ThIS  SURFACE  LIGAND  FAILED  TO 
MITOGENIC  EFFECTS  UPON  SPLEEN  CELL  CULTURES.  At  CONCENTRAT 


OF  GRADED 
V I TRO 

PRODUCE  DIRECT 
ONS  OF 


7 


I 
I 

' 200  ug/ml  alcian  sluc  caused  lymphocyte  aggregation  and  direct  cytotoxicity 

p within  iO  minutes,  but  both  or  these  efeects  oisappeareo  at  lower  dosages 

K which  induced  surpace  patching  and  capping  without  causing  oetectablc  changes 

JN  CELLULAR  MOTILITY.  In  VIVO  TRAPnC  STUDIES  (TaBLE  U)  EMPLOYING 
’H-URIOINE  labeled  lymphocytes  demonstrated  that  brief  INCUBATION  WITH 
ALCIAN  BLUE  AT  200  UG/mL  MARKEDLY  SUPPRESSED  THE  ACCUMULATION  OF  THESE 
CELLS  WITHIN  lymphoid  ORGANS.  As  EXPECTED  FROM  THE  VIABILITY  STUDIES, 

This  Change  was  clearly  due  to  direct  lymphocyte  cytotoxicity  reflected 

BY  THE  STRIKING  INCREASE  IN  THE  HEPATIC  UPTAKE  OF  RADIOACTIVITY  IN  THESE 
RATS  (l6.9Jt  AS  OPPOSED  TO  THE  5>^- lO^  RANGE  SEEN  AFTER  INFUSING  NORMAL 

cells).  However,  similar  treatment  of  radiolabeled  lymphocytes  with 

ALCIAN  blue  at  20  JUg/mL  CAUSED  AN  ALMOST  EQUIVALENT  SUPPRESSION  OF  CELL 
TRAFFIC  INTO  LYMPHATIC  TISSUES.  SINCE  THIS  WAS  NOT  PARALLELED  BY 
INCREASED  HEPATIC  RADIOACTIVITY  OR  OVERT  TOXICITY  DEMONSTRABLE  BY  DYE 
EXCLUSION  techniques,  THIS  PATTERN  OF  ALTERED  RECIRCULATION  CAN  PROBABLY 
BE  ATTRIBUTED  TO  "bL I NOFOLO I No" . As  LYMPHOCYTES  EXPOSED  TO  LOWER  DYE 
CONCENTRATIONS  (0.2  - 2.0  Ug/ml)  DISPLAYED  NORMAL  TRAFFIC  PATTERNS  IN  VIVO, 
the  ability  of  ALCIAN  BLUE  TO  BLOCK  RECIRCULATION  APPEARS  TO  BE  DEPENDENT 
UPON  A CRITICAL  DOSAGE  RANGE.  ThE  PRECISE  MEMBRANE-CYTOSKELETAL  CHANGES 
INDUCED  BY  20  Uc/ml  OF  ALCIAN  BLUE  ARE  STILL  BEING  STUDIED  BY  ELECTRON 

MICROSCOPY  (Project  i).  Our  preliminary  data  suggests  that  the  oye- 

GLYCOCALYX  COMPLEXES  ARE  CLEARED  FROM  THE  LYMPHDCYTE  SURFACE  WITHIN  ^-0 

HOURS.  If  This  is  confirmed,  the  prolonged  suppression  of  lymphocyte 
recirculation  seen  in  vivo  may  reflect  the  time  required  for  the  treated 
lymphocytes  to  regenerate  new  membrane  recognition  sites. 


c)  Studies  with  Concanavalin  A.  In  v i tro  observations  on 

RAT  LYMPHOCYTES  TREATED  WITH  TETRAVALENT  CONCANAVALIN  A ARE  PRESENTED  IN 

Table  5*  results  indicate  that  standard  doses  of  this  lectin  produce 

mitogenic  responses  in  rat  LYMPHOCYTES  WITHOUT  ALTERING  CELL  VIABILITY  OR 
INDUCING  agglutination.  WhEN  THE  CON  A DOSAGE  IS  INCREASED  TD  2.^-lO  pG/ ML , 
THIS  PRODUCES  OVERT  CYTOTOXICITY  WITH  LOSS  OF  THE  MITOGENIC  EFFECTS.  AlL 
OF  The  con  a DOSAGES  TESTED  IN  THIS  STUDY  CAUSED  PATCH  FORMATION  DEMONSTRABLE 
BY  ELECTRON  MICROSCOPY  (PROJECT  l)  OUT  THIS  RARELY  PROGRESSED  TO  CAP 
formation  when  THORACIC  DUCT  LYMPHOCYTES  WERE  USED  AS  THE  CELL  SOURCE. 

Of  equal  interest,  are  the  observations  that  both  conventional  and  HIGH 

CON  A DOSAGES  APPEAREO  TO  SUPPRESS  LYMPHOCYTE  MOTILITY  AS  MEASURED  BY 
migration  under  AGAROSE.  RESULTS  PRESENTED  IN  TaOLE  6 COMPARE  THE 
lymphocyte  traffic  kinetics  seen  AFTER  TREATING  RADIOLABELED  LYMPHOCYTES 
WITH  VARYING  CONCENTRATIONS  OF  CON  A PRIOR  TO  THEIR  INFUSION  INTO  NORMAL 
RECIPIENTS.  The  COMPLETE  FAILURE  OF  LYMPHOCYTES  EXPOSED  TO  5“lO  Uu/mL 
CON  A TO  accumulate  IN  PERIPHERAL  LYMPH  NODES  MAY  BE  DUE  TO  LIGAND- 
INDUCED  MEMBRANE  CHANGES  SINCE  THERE  WAS  NO  EVIDENCE  FOR  INCREASED  HEPATIC 
UPTAKE  OF  THE  LABEL  USUALLY  SEEN  WITH  DEATH  OF  THE  INFUSED  CELLS.  FURTHER, 
lymphocytes  PRC- INCUBATED  WITH  2.')  UG/mL  CON  A EXHIBITED  A ‘jO^  REDUCTION 
IN  THEIR  ABILITY  TO  ENTER  LYMPHATIC  TISSUES  IN  THE  ABSENCE  OF  ANY  SIGNS 
OF  CYTOTOXICITY.  SiNCE  COMPARABLE  CELLS  TREATED  WITH  I ^)G/ML  CON  A 
DISPLAYED  ENTIRELY  NORMAL  TRAFFIC  KINETICS  IN  VIVO.  THIS  BLOCKADE  OF 
lymphocyte  RECIRCULATION  APPEARED  TO  BE  DOSE  RELATED.  WhEN  THESE  OBSERVATIONS 
ARC  COMBINED  WITH  EVIDENCE  FROM  OTHER  LABORATORIES  INDICATING  THAT  THERE 
ARE  A VARIETY  OF  SURFACE  RECEPTORS  WITH  DIFFERENT  AFFINITIES  FDR  CON  A,  IT 
SEEMS  ENTIRELY  PLAUSIBLE  THAT  INCREASING  CONCENTRATIONS  OF  THIS  LIGAND  MAY 
CAUSE  PROGRESSIVE  CROSS-LINKING  OF  MEMBRANE  COMPONENTS  TO  DISRUPT  THE 
RECOGNITION  MECHANISMS  REQUIRED  FOR  LYMPHOCYTE  ENTRY  INTO  NODES.  It  IS 
STILL  UNCERTAIN  WHETHER  THIS  BLOCKADE  OF  CELL  TRAFFIC  RE FL E C TS  SIMPLE 


MASK  INC  or  MiMBRANC  COMPONENTS  OR  SCCONOARV  METABOLIC  CHANGES  INOUCEO  BT 

this  mitogen.  Attempts  to  resolve  this  issue  are  in  progress  utilizing 

MONO  AND  OlVALENT  FORMS  OF  CON  A WHICH  COMBINE  WITH  SURFACE  OL I COS ACCH AR I OE S 
AND  INDUCE  BL ASTOGENES I S WITHOUT  CAUSING  THE  RECEPTOR  CROSS-LINKAGE 
RCOUIREO  FOR  PATCH  FORMATION.  RESULTS  DESCRIBED  IN  PROJECT  I HAVE  SHOWN 
THAT  patches  of  ferritin-conjugated  CON  A PERSIST  ON  THE  LYMPHOCYTE 
SURFACE  FOR  SEVERAL  HOURS.  SlNCE  OUR  PRELIMINARY  UL TR ASTRUCTUR A L STUDIES 
ON  THE  TRAFFIC  OF  SUCH  CELLS  IN  NORMAL  RECIPIENTS  HAVE  IDENTIFIED 
NUMEROUS  LIGAND-BEARING  CELLS  IN  HCV  LUMENS  WHILE  ONLY  OCCASIONAL  CELLS 
emigrate  INTO  THE  HEV  WALLS,  IT  SEEMS  LIKELY  THAT  CON  A INTERFERES  WITH 
mechanisms  responsible  for  The  selective  attachment  OF  lymphocytes  to  HtV 
SURFACE . 


o)  Studies  With  Anti -Immunoglobulins.  To  achieve  maximal 
reactivity  with  the  various  lymphocyte  population  in  thoracic  ouct  lymph, 
RAUBIT-ANTI-RAT  IMMUNOGLOBULIN  (CaPPELL  LABORATORIES,  OOWNINGTON,  Pa . ) WAS 
USED  WITHOUT  PRIOR  ABSORBTION  WITH  LEWIS  THYMOCYTES  TO  REMOVE  HE TEROSPEC I F I C 
ANTIBODIES.  ThIS  PREPARATION  WAS  FOUND  TO  BE  WEAKLY  MITOGENIC  IN  LYMPHOCYTE 

CULTURES  (Table  J)  and  caused  surface  capping  in  7^5^  of  the  cells  without 

INDUCING  agglutination  OR  LYSIS  WHEN  THE  ANTI  I gG  COATED  LYMPHOCYTES 
WERE  ADDED  TO  NORMAL  RAT  SERUM.  RaT  THORACIC  DUCT  CELLS  PRE- I NCUBATEO 
with  THIS  ANTI  I gG  EXHIBITED  NORMAL  PATTERNS  OF  RANDOM  AND  DIRECTIONAL 
MIGRATION  when  TESTED  IN  THE  NeLSON  CHEMOTACTIC  ASSAY.  In  CONTRAST, 

RABB I T-ANT I -RAT  THYMOCYTE  GLOBULIN  CAUSED  COMPLETE  LYSIS  OF  ALL  THORACIC 
OUCT  lymphocyte  populations  when  serum  was  added  to  The  VARIOUS  _I_N  V I TRO 
ASSAY  PROCEDURES. 

The  DIFFERENCES  BETWEEN  THESE  ANTIBODY  PREPARATIONS  WAS 
EQUALLY  apparent  IN  THE  IN  VIVO  STUDIES  OF  TRAFFIC  KINETICS  (TaBLE  S) . 

Radiolabeled  lymphocytes  pre- i ncubated  with  ATG  failed  to  enter  lymphatic 

TISSUES  AND  THIS  WAS  CLEARLY  DUE  TO  LYSIS  AFTER  EXPOSURE  TO  COMPLEMENT 
IN  VIVO  AS  the  LIVER  WAS  THE  ONLY  ORGAN  SHOWING  SIGNIFICANT  RADIOACTIVITY 
IN  THE  RECIPIENTS.  In  CONTRAST,  CELLS  EXPOSED  TO  ANTI  I gG  DISPLAYED 
PERFECTLY  NORMAL  PATTERNS  OF  UPTAKE  AND  REDISTRIBUTION  IN  RAT  ORGANS  DESPITE 
OUR  FINDING  THAT  NEARLY  3/4  OF  THESE  CELLS  CARRICO  IMMUNOGLOBULIN  LIGANDS 
COMPLCXCD  TO  THEIR  SURFACES.  WHILE  THE  RESULTS  OESCRIBCO  IN  PROJECT  I 
demonstrated  that  the  anti  IgG  complexes  were  SHED  FROM  LYMPHOCYTE  SURFACES 
WITHIN  4 HOURS,  IT  IS  KNOWN  FROM  STUDIES  IN  OTHER  LABORATORIES  THAT  l2-20 
HOURS  ARC  REQUIRED  FOR  LYMPHOCYTES  TO  REGENERATE  THEIR  SURFACE  IgG 
RECEPTORS.  Together,  these  observations  clearly  establish  that  surface 
IMMUNOGLOBULINS  ARC  NOT  THE  MEMBRANE  COMPONENTS  WHICH  MEDIATE  THE  SURFACE 
RECOGNITION  REQUIRED  FOR  LYMPHOCYTE  HOMING  INTO  HEV. 

PROJECT  3 . The  Selective  Phagocytic  Activities  of  High  Endothelial  Cells. 
(The  '*Scrubbing~Hypothcs is” V. 

Cytochemical  and  ultrastructural  observations  prcscntco  in 

OUR  PREVIOUS  progress  REPORTS  HAVE  ESTABLISHED  THAT  THE  HIGH  ENOOTHCLIaL 
CELLS  IN  LYMPH  NODE  VENULES  POSSESS  STRUCTURAL  AND  METABOLIC  PROPERTIES 
CONSISTENT  WITH  SPECIALIZED  FUNCTIONS  NOT  FOUND  IN  OTHER  TYPES  OF  VASCULAH 
ENDOTHELIUM.  WC  HAVE  NOW  COMPLETED  A SCRIES  OF  STUDIES  COMBINING  REGIONAL 
arterial  perfusion  of  different  COLLOIDS,  BACTERIA  AND  ALTERED  CELLS  WITH 

ultrastructural  studies  of  The  regional  and  distant  nodes  which  indicate  that 
THIS  endothelium  can  display  phagocytic  activities  under  near  physiologic 
COND I T ions . 
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In  ultrastnuctural  studies  or  regional  nodes  draining  skin 

ALLOGRAFTS,  PERTUSSIS  VACCINE  AND  VEE  VACCINE  IN  COMPLETE  FrEUNO'S  ADJUVANT, 
ME  HAVE  OBSERVED  SPORADIC  EVIDENCE  FOR  THE  PHAGOCYTOSIS  OF  FIBRIN  STRANDS 
AND  CELLULAR  OEORIS  FROM  THE  VENULAR  LUMENS  BY  HIGH  ENDOTHELIAL  CELLS.  In 

This  setting,  endothelial  cell  phagocytic  activity  could  have  real  relevance 

IN  CLEARING  THE  VASCULAR  SYSTEM  OF  SMALL  CLOTS  AND  DAMAGED  CELLS  APPEARING 
AS  histamine,  KININS,  activated  complement  COMPONENTS  AND  LYHPhOKINES  LEAK 
FROM  THE  parenchyma  OF  THE  INFLAMED  NODE  INTO  HEV  LUMENS.  FURTHER,  WE  HAVE 
DEMONSTRATED  ENOOCYTOSED  CARBON  PARTICLES,  THORIUM  DIOXIDE  AND  FERRITIN 
GRANULES  ADMIXED  WITH  MEMBRANE  AND  LIPID  INCLUSIONS  WITHIN  LYSOSOMES  IN 
HIGH  ENDOTHELIAL  CELLS  AFTER  INFUSING  THESE  INERT  PARTICLES  INTO  THE 
REGIONAL  circulation.  WhILE  SUCH  OBSERVATIONS  ARE  NOT  TRULY  QUANTITATIVE, 

THE  ABSENCE  OF  ENOOCYTOSED  PARTICLES  IN  THE  ENDOTHELIUM  LINING  OTHER  NODAL 
VESSELS  SUGGESTED  THAT  THIS  PHAGOCYTIC  ACTIVITY  WAS  CONFINED  TO  HCV . 

Following  intra-arterial  infusions  with  killed  and  washed  pneumococci 

AND  staphylococci,  THERE  WAS  NO  MORPHOLOGIC  EVIDENCE  FOR  PHAGOCYTOSIS  OF 
THESE  ORGANISMS  BY  HFV  DESPITE  THE  FREQUENT  FINDING  OF  NUMEROUS  BACTERIA 
LYING  FREE  OR  ENMESHED  WITHIN  FIBRIN  IN  THE  VESSEL  LUMENS.  HOWEVER,  PRE- 
INCUBATING THESE  BACTERIA  IN  SPECIFIC  ANTIBODY,  OR  THE  INFUSION  OF  ORGANISMS 
KNOWN  TO  BIND  XNO  ACTIVATE  THE  ALTERNATE  COMPLEMENT  PATHWAY  (S  TYPHOSA 

AND  yeast)  yielded  TYPICAL  PHAGOCYTOSIS  WHERE  THE  MICRO-ORGANISMS  WERE 
ENGULFED  BY  FILOPODIA;  PACKAGED  WITHIN  PHAGOLYSOSOMES,  AND  DEGRADED  WITHIN 
HIGH  ENDOTHELIAL  CELLS.  SIMILARLY,  REGIONAL  INFUSIONS  WITH  ALLOGENEIC 
erythrocytes  and  lymphocytes  failed  to  initiate  PHAGOCYTIC  EVENTS  IN  THE 
NODAL  VESSELS,  BUT  IDENTICAL  EXPERIMENTS  EMPLOYING  CELLS  TREATED  WITH 
SPECIFIC  ALLO-ANT IBOOIES  RESULTED  IN  ENOOCYTOSIS  OF  BOTH  WHOLE  CELLS  AND 
cellular  fragments  by  THE  HCV  ENDOTHELIUM.  WhCN  COMBINED,  THESE  RESULTS 
SUGGEST  THAT  HIGH  ENDOTHELIAL  CELLS  ARE  CAPABLE  OF  "nON-SPEC I F I C 
phagocytosis"  and  THE  HIGHLY  SELECTIVE,  SEGMENTAL  PHAGOCYTOSIS  DEPENDENT 
UPON  F-C  AND  C't  receptors  WHICH  SiLVERSTEIN  HAS  DESCRIBED  AS  THE  "zIPPER" 
EFFECT.  Experiments  are  in  progress  to  evaluate  this  concept  further  using 
INDICATOR  bacteria  TO  DETERMINE  WHETHER  HEV  CAN  BE  SHOWN  TO  DISPLAY  F-C  AND 
RECEPTORS  ON  THEIR  LUMINAL  SURFACES. 

The  most  intriguing  possibility  raised  by  the  phagocytic 

CAPACITY  OF  HEV  IS  THAT  THIS  ENDOTHELIUM  MAY  REMOVE  LIGANDS,  ADSORBED 
PROTEINS  OR  IRRELEVANT  ANTIGENS  FROM  LYMPHOCYTE  SURFACES  JUST  BEFORE 
THESE  IMMUNOCOMPETENT  CELLS  ENTER  THE  NODAL  MICROENVIRONMENT  WHERE  THE 
CRITICAL  SEQUENCE  OF  ANTIGEN  PRESENTATION  AND  CELLULAR  COLLABORATION  OCCUR. 

A SERIES  OF  ULTRASTRUCTURAL  STUDIES  MADE  IN  COLLABORATION  WITH  MaJOR  A.  0. 

Anderson  and  Or.  John  White  at  USAMRIID  are  underway  evaluating  this 
hypothesis.  In  the  initial  experiments  syngeneic  rat  Thoracic  duct 
lymphocytes  were  INCUBATED  WITH  PEROX I DASE -CON JUGATEO  RABB I T- ANT  I -R AT 
IgG  FOR  30  MINUTES  AT  37°C . As  SHOWN  IN  PROJECTS  I AND  ?,  THIS  RESULTED 
IN  SURFACE  patching  AND  CAPPING  OF  SOME  7^5^  O'"  THE  CELLS  EXAMINED  BY 
ELECTRON  MICROSCOPY.  AlIOUOTS  OF  THESE  CELLS  WERE  THtN  WASHED  AND  TRANSFUSED 
INTO  NORMAL  LEWIS  RATS.  TmEIR  AXILLARY,  SUBMANDIBULAR  AND  MESENTERIC 
NODES  WERE  EXCISED  3-l?0  MINUTES  LATER  AND  PROCESSED  FOR  ELECTRON  MICROSCOPY 
USING  THE  OIAMINO-BENZI DINE  REACTION  TO  LOCALIZE  THE  PEROXIDASE  ACTIVITY. 

In  all  or  the  nodes  examined  at  i0-i20  minutes  post- infus ion,  numerous 
lymphocytes  displaying  patches  and  caps  or  ELECTRON-DENSE  REACTION 
PRODUCT  ON  THEIR  SURFACES  WERE  FOUND  IN  THE  LUMENS  AND  WALLS  OF  HtV . As 
THESE  CELLS  emigrated  ACROSS  THE  VENULAR  WALL,  THE  PEROXIDASE  TRACER 
MATERIAL  APPEARED  TO  BE  STRIPPED  FROM  TMEIR  SURFACES  BY  FOCAL  MEMBRANE 
SEGMENTS  OF  ADJACENT  ENDOTHELIAL  CELLS  WHERE  THE  SUBPL ASMALEMMAL 
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Micnor ILAMCNTS  INVAGINATEO  the  membrane  and  rORMED  ENOOBVTIC  VACUOLES 
CONTAINING  REACTION  PRODUCT.  SINCE  THESE  EMIGRATING  LYMPHOCYTES  RETAINED 
THEIR  NORMAL  ULTRASTRUCTURAL  CHARACTERISTICS  AND  SHOWED  NO  SIGNS  OF  INJURY, 

This  selective  phagocytosis  appeared  to  selectively  strip  foreign  material 
FROM  their  membranes  (i.E.  "SCRUBBING").  TnE  SIMILARITIES  BETWEEN  THIS 
SEQUENCE  OF  EVENTS  AND  THE  SELECTIVE,  SEGMENTAL  PHAGOCYTOSIS  DESCRIBED 
IN  MACROPHAGES  (SiLVERSTEIN  ET  AL,  l97^''97^)  'S  QUITE  STRIKING.  HOWEVER, 

IT  IS  WIDELY  RECDGNIZED  THAT  MANY  CELLS  ENDOCYTOSE  HORSERADISH  PEROXIDASE 
NON-SPECIFICALLY;  so  further  studies  were  necessary  TO  determine  whether 
OTHER  ELECTRON-DENSF  TRACERS  COULD  BE  ENOOCYTOSEO  FROM  LYMPHOCYTE  SURFACES. 

Experiments  using  ferritin-conjugated  anti  IgG  as  the  surface  ligand  have 

SHOWN  AN  identical  SEQUENCE  OF  SELECTIVE  STRIPPING  OF  FERRITIN  GRANULES 
FROM  THE  OUTER  MEMBRANES  OF  EMIGRATING  LYMPHOCYTES  BY  ADJACENT  HIGH 
ENDOTHELIAL  CELLS,  SO  IT  SEEMS  QUITE  UNLIKELY  THAT  THIS  PHENOMENON  IS  AN 
artifact  resulting  from  NON-SPECIFIC  ENOOCYTIC  MECHANISMS. 

The  physiologic  relevance  of  "scrubbing"  may  be  more  difficult 
TO  establish  as  the  results  described  in  Project  i have  shown  that  anti- 
immunoglobulin-membrane complexes  are  rapidly  cleared  by  spontaneous 
shedding  in  vitro  W I THOUT  REQUIRING  INTERACTIONS  WITH  ANOTHER  CELL  TYPE. 

We  are  CURRENTLY  ATTEMPTING  TO  RESOLVE  THIS  ISSUE  IN  ULTRASTRUCTURAL  STUDIES 
OF  NODES  FROM  RATS  INFUSED  WITH  LYMPHOCYTES  PRE- I NCUBATEO  IN  MORE  STABLE 
SURFACE  LIGANDS  (rUTHENIUM  RED,  ALCIAN  BLUE  AND  CON  A)  AS  DESCRIBEO  EARLIER. 
Of  PARTICULAR  INTEREST  HERE,  ARE  OUR  PRELIMINARY  OBSERVATIONS  ON  LYMPHOCYTES 
COATED  WITH  ferritin-conjugated  CON  A SINCE  DATA  PRESENTED  IN  PROJECT  I 
MAS  SHOWN  that  This  ligand  is  slowly  cleared  from  cell  surfaces  in  VITRO. 

A similar  delayed  clearance  APPEARS  TO  HOLD  FOR  THESE  CELLS  IN  VIVO  AS  WE 
HAVE  BEEN  ABLE  TO  DEMONSTRATE  NUMEROUS  CON  A BEARING  LYMPHOCYTES  WITHIN 
HEV  LUMENS  FOR  SEVERAL  HOURS  POST- I NFUS I ON . WHILE  WE  HAVE  BEEN  UNABLE  TO 
FIND  CLEAR-CUT  EXAMPLES  OF  SELECTIVE  REMOVAL  OF  THIS  TRACER  THROUGH 
ENOOCYTIC  ACTIVITY  OF  THE  HIGH  ENDOTHELIAL  CELLS,  THIS  FAILURE  APPEARS 
TO  RESULT  FROM  THE  FAILURE  OF  MOST  CON  A TREATED  LYMPHOCYTES  TO  ATTACH  TO 
HEV  SURFACES  AND  EMIGRATE  ACROSS  THE  VENULAR  WALL. 

PROJECT  1*.  Cytoskeletal  Controls  of  Lymphocyte  Recirculation. 


a)  Studies  with  Cytochalas ins.  The  fungal  metabolites 

(CYTOCHALASINS)  HAVE  ATTRACTED  A GREAT  DEAL  OF  ATTENTION  IN  THE  PAST 
DECADE  BECAUSE  OF  THEIR  EFFECTS  UPON  MEMBRANE  TRANSPORT  AND  MOTILE  PROCESSES 
IN  EUKARYOTIC  CELLS.  AT  RELATIVELY  LOW  CONCENTRATIONS,  CYTOCHALASINS  B, 

D AND  E INHIBIT  GLUCOSE,  NUCLEOSIDE  AND  PURINE  TRANSPORT.  AT  RELATIVELY 
HIGH  CONCENTRATIONS  THESE  AGENTS  INHIBIT  VARIOUS  MOTILE  PROCESSES  INCLUDING 
CELL  LOCOMOTION,  CYTOPLASMIC  STREAMING,  CYTOKINESIS  AND  AXONAL  GROWTH  CONE 
ACTIVITY.  In  attempts  TO  MINIMIZE  THESE  DIVERSE  EFFECTS,  WE  HAVE  UTILIZED 
CYTOCHALASIN  A IN  STUDIES  OF  LYMPHOCYTE  TRAFFIC  AS  THIS  MATERIAL  PURPORTEDLY 
CAUSES  LONGLASTING  SUPPRESSION  OF  CELLULAR  MOTILITY  .•ITHOUT  ALTERING 
TRANSPORT  MECHANISMS.  ThE  RESULTS  OF  COMBINED  RAO  1 OK  I NE T I C , AUTORADIOGRAPHIC 
AND  MORPHOLOGIC  STUDIES  DESCRIBEO  IN  OUR  LAST  ANNUAL  PROGRESS  REPORT 
demonstrated  that  in  vitro  exposure  OF  RAT  THORACIC  DUCT  LYMPHOCYTES 
TO  CYTOCHALASIN  A AT  CONCENTRATIONS  OF  8- lO  UG/ ML  CAUSED  MICROFILAMENT 
aggregation,  LOSS  OF  MICROVILLI  AND  COMPLETE  SUPPRESSION  OF  CELLULAR 
MOTILITY  WHICH  PERSISTED  FOR  SEVERAL  HOURS  AFTER  THE  CELLS  WERE  REMOVED 
FROM  THE  CYTOCHALASIN  SOLUTION.  UPON  TRANSFUSION  INTO  SYNGENEIC  RECIPIENTS, 
THE  TREATED  LYMPHOCYTES  AOHERCO  SELECTIVELY  TO  HEV  SURFACES,  BUT  THEIR 
SUBSEQUENT  MOVEMENT  ACROSS  THE  VENULAR  WALL  INTO  THE  NODES  WAS  MARKEDLY 
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OCLAYCO.  Since  these  observations  provioeo  the  tirst  experimental  evioence 

THAT  LYMPHOCYTE  ENTRY  INTO  PERIPHERAL  NODES  CAN  BE  SEPARATED  INTO  AN 
attachment  phase  mediated  by  selective  membrane  INTERACTIONS  WHICH  IS 
rOLLOWEO  BY  ACTIVE  MIGRATION  OP  MOTILE  LYMPHOCYTES  ACROSS  HEV  WALLS,  WE 
HAVE  UNDERTAKEN  FURTHER  STUDY  OF  THIS  PHENOMENON. 

Dose  response  studies  summarized  in  Table  9 showed  that  the 
viability  of  rat  thoracic  duct  lymphocytes  was  unaltered  by  INCUBATION 
WITH  CYTOCHALASIN  A AT  CONCENTRATIONS  RANGING  FROM  0.2  TO  lO  Ug/ml  FOR 

' HOUR  AT  37”C.  When  the  motility  of  normal  lymphocytes  was  assayed  in 
MODIFIED  Nelson  plates,  a mean  number  of  9*  cells  were  seen  migrating 

BENEATH  THE  AGAROSE  WITHIN  A 66  V WIDE  STRIP  CONNECTING  THE  CENTERS  OF  THE 

inner-middle  and  outer  wells  after  i2  hours  of  INCUBATION.  Direct 
measurements  showed  that  randomly  migrating  cells  within  this  population 
sample  had  covered  a mean  linear  distance  of  u,  while  lymphocytes 

exhibiting  DIRECTIONAL  MIGRATION  TOWARDS  ENDOTOXIN  ACTIVATED  SERUM  MOVED 
A MEAN  DISTANCE  OF  l86  U.  CELLS  TREATED  WITH  0.2  Uo/mL  OF  CYTOCHALASIN  A 
OISPLAYEO  VIRTUALLY  IDENTICAL  PATTERNS  OF  MOVEMENT  IN  THE  SAME  ASSAY 
SYSTEM.  PrE- I NCUBAT I ON  OF  THE  LYMPHOCYTE  POPULATIONS  WITH  CYTOCHALASIN  A 
AT  DOSAGES  RANGING  FROM  2-4  UC/ ML  RESULTED  IN  A PROGRESSIVE  DECLINE  IN  THE 
TOTAL  number  of  MIGRATORY  CELLS  AND  THE  MEAN  DISTANCE  MIGRATED.  TREATMENT 
WITH  CYTOCHALASIN  A AT  CONCENTRATIONS  OF  6 OR  MORE  Ug/ml  COMPLETELY 
SUPPRESSED  BOTH  RANDOM  AND  DIRECTIONAL  LYMPHOCYTE  MIGRATION  FOR  AT  LEAST 

i2  hours  in  this  assay  system.  Attempts  to  correlate  this  altered  motility 

WITH  ULTRASTRUCTuRAL  CHANGES  DEFINED  BY  SCANNING  AND  TRANSMISSION  ELECTRON 
MICROSCOPY  ARE  ALSO  SHOWN  IN  TaBLE  9-  BRIEF  SUMMARY,  THESE  STUDIES 

demonstrated  progressive  aggregation  of  the  SUBPLASMALEMMAL  MICROFI lament 
network  into  irregular  clumps  as  the  dose  of  CYTOCHALASIN  A WAS  INCREASED 
FROM  0.2  TO  6 mg/ml.  This  was  paralleled  by  loss  of  microvilli  (at  2-4  ug/ml) 

YIELDING  CELLS  WITH  A SMOOTH,  SWOLLEN  APPEARANCE  INTERSPERSED  WITH  ZEOTIC 
BLEBS  (6-8uG/Ml).  As  these  sequential,  OOSE-RCLATEO  CHANGES  COULD  ALL  HE 
EXPLAINED  BY  :'KOGRESSIVE  FOCAL  AGGREGATION  OF  THE  MICROFILAMENTS  WITH 
CONCOMITANT  SEPARATION  OF  SOME  FILAMENTS  FROM  INTERVENING  SEGMENTS  OF  THE 
INNER  MEMBRANE,  THESE  OBSERVATIONS  PROVIDE  FURTHER  SUPPORT  FOR  POSTULATES 
that  the  CYTOCHALAS I ns  DISRUPT  CELLULAR  MOTILITY  BY  COMBINING  WITH  HIGH 
affinity  receptors  on  ACTIN  binding  PROTEINS  TO  AGGREGATE  THIN  FILAMENTS. 
Previous  suggestions  that  cytochalasin  A might  inhibit  motile  processes 
defause  of  a unique  ability  to  cross-link  sulfhtdryl  groups  on  the  membrane 
NO  LONGER  SEEM  TENABLE  IN  LIGHT  OF  RECENT  EVIOENCE  THAT  THIS  CROSS-LINKAGE 
CANNOT  OCCUR  UNDER  PHYSIOLOGIC  CONDITIONS  (STAUSSEL  ET  AL,  i97^)' 

The  RELEVANCE  OF  THESE  OOSE-OEPENDENT  CHANGES  TO  J|_N  V I VO 
lymphocyte  TRAFFIC  KINETICS  HAS  BEEN  ESTABLISHED  IN  A SERIES  OF 
RADIOKINETiC  studies  using  JH-urioine  labeled  lymphocytes  as  described 
IN  PREVIOUS  sections.  ThE  RESULTS  SHOWN  IN  TaBLE  iO  SHOW  THAT  PRE- 
INCUBATION  OF  RADIOLABELED  LYMPHOCYTES  WITH  C YTOCMAL»,S I N AT  CONCENTRATIONS 
RANGING  FROM  4 TO  lO  Ug/mL  ALMOST  TOTALLY  SUPPRESSED  THE  ENTRY  OF  THESE 
CELLS  INTO  PERIPHERAL  LYMPH  NODES,  AND  THIS  EFFECT  PERSISTED  UP  TO  24  HOURS 
AFTER  THE  CELLS  HAD  BEEN  REMOVED  FROM  THE  CYTOCHALASIN  SOLUTION. 

Similarly,  cells  exposed  to  2 ug/ml  demonstratco  a 40-50)<  reduction  in 
their  traffic  through  LYMPHOID  ORGANS  AFTER  TRANSFUSION  INTO  NORMAL  LewIS 
RECIPIENTS.  Since  this  drug  treatment  did  not  yield  increased  hepatic 

UPTAKE  OF  THE  RAOIOLABEL  OR  ALTER  CELL  VIABILITY  BY  DYE  EXCLUSION  CRITERIA, 

IT  SEEMED  UNLIKELY  THAT  THESE  TRAFFIC  CHANGES  COULD  BE  ATTRIBUTED  TO  DIRECT 
cytotoxicity  of  cytochalasin  a.  Further,  when  these  results  were  compared 
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with  the  oat*  in  Table  9>  there  was  a close  correlation  between  the  doses 

REQUIRED  TO  INHIBIT  LYMPHOCYTE  MIGRATION  J_N  VITRO  AND  THOSE  CAUSING 
complete  SUPPRESSION  OF  LYMPHOCYTE  RECIRCULATION  IN  VIVO. 

Caution  must  be  taken  before  generalizing  the  above  findings 
TO  ALL  OF  The  VARIOUS  CYTOCHALASIN  SUBTYPES.  RESULTS  PRESENTED  IN  TaBLE  II 
demonstrate  That  lymphocytes  exposed  to  cytochalasin  0 at  iO  uc/ml  exhibited 

A REDUCTION  IN  THEIR  ABILITY  TO  RECIRCULATE  THROUGH  LYMPHOID  ORGANS 

AFTER  TRANSFUSION  INTO  NORMAL  RATS.  ThIS  OBSERVATION  WAS  UNEXPECTED  SINCE 
MOST  PUBLISHED  REPORTS  HAVE  FOUND  THAT  THE  M I C ROF I LAME NT  AGGREGATION  INDUCED 
BY  cytochalasin  B WAS  FULLY  REVERSIBLE  WHEN  THE  CELLS  WERE  WASHED  FREE  OF 
THE  DRUG.  While  it  is  possible  that  in  vitro  TRAFFIC  kinetics  may  PROVIDE 
A MORE  demanding  BIOLOGICAL  TEST  FOR  ASSAYING  RESIDUAL  M I CROF I LAMENTOUS  DAMAGE, 
EACH  OF  THE  RECIPIENTS  INFUSED  WITH  THESE  TREATED  CELLS  SHOWED  HEPATIC 
UPTAKE  OF  RADIOACTIVITY  AT  LEVELS  2“3x  THAT  SEEN  USING  CYTOCHALASIN  A.  AS 
cytochalasin  B is  also  KNOWN  TO  DISRUPT  MEMBRANE  TRANSPORT  FUNCTIONS  IT  IS 
LIKELY  that  The  IMPAIRED  LYMPHOCYTE  TRAFFIC  PRODUCED  BY  THIS  AGENT  MAY 
RESULT  FROM  CELL  DAMAGE  UNRELATED  TO  THE  MICROFILAMENT  SYSTEM. 

Combined  autoradiographic  and  ultrastructural  studies  described 
IN  our  last  annual  progress  report  demonstrated  that  cytochalasin  a 

TREATED  LYMPHOCYTES  COULD  ATTACH  TO  HEV  SURFACES,  BUT  THEIR  SUBSEQUENT 

■ emigration  across  the  venular  wall  was  impaired  so  that  many  of  these 

' VENULES  APPEARED  TO  BE  LINED  BY  A MONOLAYER  OF  ALTERED  LYMPHOCYTES.  FURTHER 

! ANALYSIS  or  THIS  PHENOMENCN  BY  TRANSM I SS I ON  ELECTRON  MICROSCOPY  HAS  SHOWN 

THAT  CYTOCHALASIN  A TREATED  LYMPHOCYTES  ATTACH  TO  HEV  THROUGH  FOCAL 
' membrane  segments  measuring  3000°A  in  diameter  WHICH  WERE  ALWAYS  SITUATED 

DIRECTLY  OVER  LARGE  AGGREGATES  OF  SUBPLASMALEMMAL  M I CROP  I LAMENTS . BeNEATH 
I INTERVENING  SEGMENTS  OF  THE  MEMBRANE,  THE  Th I N FILAMENT  NETWORK  WAS  EITHER 

ABSENT  OR  ATTENUATED.  WhEN  THESE  CELLS  MOVED  ACROSS  THE  HEV  WALL,  THEIR 
CYTOPLASMIC  MICROFILAMENTS  APPEARED  TO  BE  RETRACTED  FROM  THE  USUAL  SUO- 
MEMBRANOUS  LOCATION  AND  CONCENTRATED  WITHIN  ECCENTRIC  BUNDLES  IN  THE 

constriction  zone.  Such  findings  suggest  that  "receptors"  required  for 
SURFACE  attachment  MAY  BE  LINKED  TO  THE  M I CROF I LAMENTOUS  NETWORK  AND 
CONCENTRATE  INTO  FOCAL  PATCHES  AS  CYTOCHALASIN  A INDUCED  THEIR  THIN 
FILAMENTS  TO  AGGREGATE.  WHEN  THE  CELLS  LOCOMOTE,  SOME  OF  THESE  DAMAGED 
I THIN  FILAMENTS  MAY  SEPARATE  FROM  THEIR  PERIPHERAL  ATTACHMENTS  AND  RETRACT 

INTO  asymmetric  BUNDLES  AT  SITES  WHERE  MEMBRANE  ANCHORAGE  IS  MAINTAINED 
within  The  constr i-ct  ion  zone.  While  confirmation  of  this  hypothesis  by 
1 OTHER  TECHNIQUES  IS  NEEDED,  SUCH  STRUCTURAL  CHANGES  CERTAINLY  SEEM  TO 

PROVIDE  A PLAUSIBLE  EXPLANATION  FOR  THE  DELAYED  MOVEMENTOF  CYTOCHALASIN  A 
TREATED  LYMPHOCYTES  ACROSS  VENULAR  WALLS.  In  ADDITION,  THESE  ULTRASTRUCTURAL 
STUDIES  HAVE  SHOWN  THAT  BOTH  EXTRACELLULAR  AND  SURFACE  DEBRIS  WERE  STRIPPED 
FROM  THE  MEMBRANES  OF  THE  TREATED  LYMPHOCYTES  AND  ENDOCYTOSEO  BY  SELECTIVE, 
SEGMENTAL  PHAGOCYTIC  ACTIVITY  OF  THE  ADJACENT  ENDOTHELIAL  CELLS.  ThESE 
observations  appear  TO  PROVIDE  FURTHER  SUPPORT  FOR  THE  "SCRUBBING"  CONCEPT 
ocscRiBEo  IN  Project  2. 

b)  Studies  with  Colchicine.  We  have  completed  a series  of 
EXPERIMENTS  attempting  TO  DEFINE  THE  ROLE  OF  THE  CYTOSKELETON  IN  REGULATING 
lymphocyte  recirculation  using  pharmacologic  treatment  with  COLCHICINE  TO 
DISRUPT  THE  LABILE  MICROTUBULAR  NETWORK.  In  VITRO  STUDIES  DEMONSTRATED 
THAT  RAT  THORACIC  DUCT  LYMPHOCYTES  INCUBATED  IN  COLCHICINE  AT  CONCENTRATIONS 
RANGING  FROM  lO"^  TO  l0“^  FOR  TIME  INTERVALS  RANGING  FROM  I -S*!  HOURS 
REMAINED  VIABLE  BY  DYE  EXCLUSION  CRITERIA  UNTIL  THE  DRUG  DOSAGE  EXCEEDED 
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|0"3M.  MtASURCMtNTS  Of  LYMPHOCYTC  MOTILITY  BY  PM*St  MICROSCOPY  ANO 

migration  under  agarose  indicated  That  these  cells  displayed  ndrmal  patterns 
or  locomotion  until  toxic  drug  levels  or  i0*3m  colchicine  mere  employed 
(Table  ic?).  When  these  colchicine-treated  cells  were  examined  by  scanning 
electron  microscopy,  They  displayed  perfectly  normal  surface  conformation 
WITH  multiple  villus  projections.  While  we  have  thus  far  been  unable  to 
consistently  demonstrate  aggregated  or  dissociated  microtubules  in  These 

CELLS  BY  TRANSMISSION  ELECTRON  MICROSCOPY,  THIS  CAN  PROBABLY  BE  ATTRIBUTED 
TO  THE  FACT  THAT  RAT  THORACIC  DUCT  LYMPHOCYTES  POSSESS  A SCANT  M I CROTUBULAR 
NETWORK  WHICH  IS  LARGELY  OBSCURED  BY  CYTOPLASMIC  RIBOSOMES  MAKING  IT 

difficult  to  demonstrate  These  structures  even  when  sections  are  obtained 
through  the  centriole  of  normal  cells.  Certainly,  the  inhibition  of 

MICROTUeULAR  ASSEMBLY  BY  COLCHICINE  HAS  BEEN  SUBSTANTIATED  IN  MOST  OTHER 

CELL  TYPES  AND  HAS  BEEN  GENERALLY  ACCEPTED  AS  THE  TYPICAL  STRUCTURAL 

CHANGE  INDUCED  BY  THIS  DRUG.  DESPITE  THIS,  OUR  INITIAL  SURVEY  ON  THE 

IN  VIVO  TRAFFIC  OF  RADIOLABELED  LYMPHOCYTES  PRE - I NC UBA TED  WITH  COLCHICINE 

SHOWED  A NORMAL  PATTERN  OF  ORGAN  UPTAKE  OF  THESE  CELLS  AT  24  HOURS  WHICH 

WAS  ALTERED  ONLY  BY  HIGH  DRUG  CONCENTRATIONS  KNOWN  TO  CAUSE  DIRECT  CYTOTOXICITY 

(Table  i2).  However,  when  the  recirculation  or  these  drug  treated  cells 

WAS  ANALY?E0  in  more  detail  BY  MONITORING  THE  ORGAN  DISTRIBUTION  OF 
RADIOACTIVITY  AT  EARLIER  TIME  INTERVALS  (TaBLE  i3)i  THE  RESULTS  DEMONSTRATED 
that  non-toxic  dosages  of  COLCHICINE  AT  THE  CONCENTRATIONS  KNOWN  TO  DISRUPT 
THE  MICROTUBULAR  NETWORK  ( lO""  - lO"^)  CAUSED  A ‘iO-bOjS  REDUCTION  IN  THE 
ACCUMULATION  OF  THE  RAOIOLABCLEO  LYMPHOCYTES  IN  LYMPHATIC  TISSUES  WHICH 

persisted  for  8-i2  HOURS.  Since  this  was  a transient  effect  which  cleared 
completely  within  24  hours  without  being  paralleled  by  increased  hepatic 
radioactivity,  these  findings  appeared  to  be  entirely  consistent  with 

COLCHICINE  EFFECTS  UPON  MICROTUBULES  WHICH  ARE  KNOWN  TO  BE  FULLY  REVERSIBLE 
with  TIME.  This  concept  has  been  supported  directly  in  a series  or  similar 

EXPERIMENTS  USING  LUM I C OLC H I C I NE - A COLCHICINE  ANALOGUE  WHICH  PURPORTEDLY 
POSSESSES  ALL  OF  THE  PHARMACOLOGIC  ACTIVITIES  OF  THE  PARENT  DRUG  EXCEPT 
MICROTUBULAR  TOXICITY.  OaTa  PRESENTED  IN  TaBLE  i4  DEMONSTRATES  THAT 
RADIOLABELED  LYMPHOCYTES  PRE- I NCUUATEO  WITH  lO"^  - iO"‘tM  LUM I COLCH I C I NE 
DISPLAYED  PERFECTLY  NORMAL  PATTERNS  OF  ACCUMULATION  WITHIN  LYMPHOID  ORGANS 
OVER  TIME  INTERVALS  RANGING  FROM  j TO  24  HOURS  AFTER  TRANSFUSION  INTO  NORMAL 
RECIPIENTS.  Such  OBSERVATIONS  PROVIDE  THE  BEST  MEANS  CURRENTLY  AVAILABLE 
FOR  PROVING  that  AN  INTACT  MICROTUBULAR  NETWORK  IS  ESSENTIAL  FOR  MAINTAINING 
NORMAL  PATTERNS  OF  LYMPHOCYTE  RECIRCULATION  IN  VIVO.  ThE  PRECISE  FUNCTIONS 
OF  THE  MICROTUBULES  IN  THIS  PROCESS  ARC  STILL  UNCERTAIN  SINCE  THERE  APPEARS 
TO  BE  GENERAL  AGREEMENT  THAT  MOST  CELLS  CONTINUE  TO  DISPLAY  NORMAL  PATTERNS 
OF  LOCOMOTION  ANO  CHEMOTACTIC  RESPONSES  IN  V ITRO  AFTER  COLCHICINE  TREATMENT. 

However,  sequential  autoradiographic  studies  analyzing  the  relative  rates 
OF  entry,  redistribution  ANO  TRANSIT  OF  COLCHICINE-TREATED  LYMPHOCYTES 
THROUGH  lymph  NODES  IN  VIVO,  INDICATED  THAT  THIS  CELL  POPULATION  WAS 
DEFICIENT  IN  ITS  ABILITY  TO  ATTACH  UPON  HEV  SURFACES,  BUT  THE  FEW  REMAINING 
CELLS  WHICH  COULD  ENGAGE  HEV  CONTINUED  TO  MIGRATE  TH 'OUGH  THE  NODE  IN  A 
NORMAL  manner  (TaBLE  i5).  Aga I N,  THIS  EFFECT  APPEARED  TO  BE  TRANSIENT 
ANO  AT  LATER  TIME  INTERVALS  (8-24  HOURS  POST-DRUG  TREATMENT)  THE  INFUSED 
CELLS  SHOWED  NORMAL  DISTRIBUTION  PATTERNS  IN  THE  LYMPHOID  ORGANS.  WhEN 
COMBINED  WITH  THE  RESULTS  DESCRIBED  EARLIER,  THESE  FINDINGS  SUGGEST  THAT 
THE  MICROTUBULAR  NETWORK  MAY  PLAY  A CRITICAL  ROLE  IN  ANCHORING  RECEPTORS 
OR  STABILIZING  MEMBRANE  SEGMENTS  NECESSARY  FOR  THE  SUCCESSFUL  ATTACHMENT  OF 
LYMPHOCYTES  TO  HEV  SURFACES. 

Additional  experiments  have  been  made  to  determine  whether 

SIMILAR  effects  COULD  BE  PRODUCED  WHEN  THE  HOSTS  WERE  TKEATED  WITH  COLCHICINE. 
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RCftUtTS  OCSCHiHIO  IM  OU«  .*RCVIOUS  ANNUAL  PNOCRCSS  HCPOAT  MAVC  SHOWN  iMAI 
AATS  INJICTCO  INTAArCN I TONCALLT  WITH  I Ntt/ Ku  COLCMICINf  DISPLATCD  A MILO 
L VM>‘hOC  VTOS  IS  IN  THt  I'ti^l^HrAAl  BLOOD  WHICH  WAS  BARALLCLtP  ttr  AN  AMAUPI 
FALL  IN  TnC  NOMWCAS  OF  LFMI'HOCtTCS  AITAChCO  TO  HfV  AND  A >iAAOUAL  OCCLINL 
IN  iHt  hooblf  OUTPUT  or  Thoracic  ouct  irnPHOcrTts  which  combinco  to  i ruouci 

NOOAL  HTPULCLLUL AR I TT . In  THt  ATTLMPT  TO  OCTCRMINI  WhCThCK  THtSt  ALTlRtO 
IRAFFIC  AINITICS  NtSULTlO  FROM  SYSTCMIC  ORUC  TOKICITt  OR  DIRECT  tFFtCTS 
UPON  THt  RCC IRCULAT INU  LrMPHOCTTtS,  Wt  COLLCCTCO  THORACIC  OuCT  LTMPHOCTTtS 
FROM  COLCMIC IMC-TRt ATFD  AND  CONTROL  RATS.  AfTCR  LABCLINC  V I TRO  WITH 
3H-URIOINt,  both  groups  of  cells  were  TRANSruSCO  HACK  INTO  SYNUENE K 
RECIPIENTS  AND  ThEIR  TRAFFIC  KINETICS  COMPARED  BY  WHOLE  ORGAN  COUNTING. 

Results  shown  in  Table  l^  clearly  indicated  that  the  ability  of  thi 
lymphocyte  obtained  from  COLCHIC INt'TRCATED  RATS  TO  "hOMe'  INTO  PIRIPhERAI 
lymph  nodes  was  markedly  reduced  (?0-?S<  of  the  LEVEL  SIEN  with  CONTROL 
cells).  As  both  groups  or  cells  displayfo  normal  viability  by  oye  ekciusion 
criteria,  this  OirrERCNCt  probably  reflects  NON-LEThaL,  pharmacologic 

ALTERATIONS  INDUCED  BY  COLCHICINE  EFFECTS  IN  THE  HOST.  MoWEVER,  WE  00  NOT 
VET  have  an  adequate  explanation  as  TO  WHY  these  CHANGES  APPEAR  TO  PERSIST 
FOR  MORE  Than  ?li  hours  in  contrast  to  the  short  term,  folly  reversible 

ALTERATIONS  INOUCtO  BY  TREATING  LYMPHOCYTES  WITH  COLCHICINE  IN  VI TRO. 

Data  from  complementary  experiments  analysing  the  traffic  of 
normal  raoiolabelco  lymphocytes  after  Their  infusion  into  recipients 

TREATED  WITH  C OL C H I C I Nt  ARE  SHOWN  IN  TaBLE  iJ.  TmE  RESULTS  DEMONSTRATE 
that  The  I NTRAPER  I TONEAL  injection  of  colchicine  at  !.  hour  before  and  HOl'RS 
AFTER  INTRAVENOliS  INFUSION  WITH  3H-UHIDINt  LABELED  CELLS  ALMOST  TOTALLY 
SUPPRESSED  The  NOOAL  UPTAKE  OF  RADIOACTIVITY  FOR  INTERVALS  EXTENDING  UP  TO 

HOURS.  Further,  these  alterations  were  dose  dependent  with  i mg/Kg 

CAUSING  AN  DCCREASC  IN  NODAL  RADIOACTIVITY  WHILE  0.1  MG  Kg  INDUCED  LESS 

i Than  SUPPRESSION.  Since  results  described  in  our  last  progress  report 

ILLUSTRATED  THAT  A SINGLE  INJECTION  WITH  COLCHICINE  ^ ~ P HOURS  BEFORE  CELL 
INFUSION  INHIBITED  LYMPHOCYTE  TRAFFIC  FOR  6-b  HOURS  WHICH  WAS  FOLLOWED  BY 
complete  recovery  OF  NORMAL  RECIRCULATION  PATTERNS  BETWEEN  5-?l(  HOURS, 

These  changes  also  appear  to  be  reversible  unless  recovery  is  blocked  by  a 

SECOND  ORUQ  INJECTION.  S I NC E PHARMOK I NE T I CS  STUDIES  BY  OTHER  INVESTIGATORS 
HAVE  SHOWN  that  colchicine  IS  RAPIDLY  CLEARED  FROM  THE  BLOOD  BUT  HIGH  TISSUE 
LEVELS  ARE  ACHIEVED  IN  THE  SPLEEN  AND  LYMPH  NODES,  IT  IS  POSSIBLE  THAT  THE 
traffic  CHANCES  DESCRIBED  ABOVE  MAY  REPRESENT  THE  IN  VIVO  CORRELATE  OF  T Hi 

lymphocyte  MICROTUBOLAR  changes  INOI'CED  by  in  vitro  orug  exposure.  Howiver, 

TWO  LINES  OF  EVIDENCE  ARGUE  AGAINST  THIS  SIMPLISTIC  EXPLANATION.  FiRST,  T Hi 

maximal  blood  and  tissue  levels  achieved  by  treating  rats  with  I - 0.1  mg  Kg 

COLCHICINE  ARE  CONSIDERABLY  LESS  THAN  THE  lO"^  - CONCENTRATIONS  REQUIRID 

1 TO  ALTER  lymphocyte  TRAFFIC  BY  I N V I TRO  INCUBATION.  SECOND,  RECENT  STUDIES 

! HAVI  SHOWN  that  prolonging  ThE  INTERVAl  BETWEEN  COLCHICINE  INJECTION  AND  CELL 

INFUSION  OUT  TO  j"*)  HOURS  STILL  RESULTS  IN  IMPAIRED  TRAFFIC  THROUGH  LYMPHATll 
a TISSUES  DESPITE  A FALL  IN  THE  BLOOD  COLCHICINE  LEVEL  TO  VIRTUALLY  UNDETECTABLE 

f]  VALUES  WHEN  THE  RAOIOLABELCO  LYMPHOCYTES  WERE  INTRODUCED  INTO  THE  CIRLULATION. 

I Such  OBSERVATIONS  SUGGEST  THAT  COLCHICINE  CAN  ALTER  CELLULAR  TRAFFIC  j_N  V I VO 

] BY  MECHANISMS  other  THAN  CAUSING  MICROTUBULAR  LESIONS  IN  LYMPHOCYTES.  ThIS 

I CONCEPT  IS  SUPPORTED  BY  OUR  RECENT  ULTRASTRUCTURAL  OBSC R V A T I ONS  THAT  COLCHICINE 

I DOSAGES  AT  1.0  - 0.1  MG  Kg  CAUSED  A HARKED  DCCREASC  IN  BOTH  THE  NUMBER  AND  THE 

PERIPHERAL  DISTRIBUTION  OF  THE  MICROTUBULES  WITHIN  HIGH  ENDOTHELIAL  CELLS. 

Of  particular  interest,  is  our  demonstration  that  MICROTUBULAR  NETWORKS  IN 
i These  cells  lose  their  usual  radiating  pattern  from  the  Golgi  out  to  the 

membrane  and  become  concentrated  within  irregular  clumps  near  tnc  centriole. 
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Ir  ThCSC  tusulcs  nommally  contribute  in  stabilizing  The  outer  membrane,  it 

SEEMS  QUITE  PLAUSIBLE  THAT  SUCH  CHANGES  COULO  IMPAIR  SURPACC  INTERACTIONS 

WITH  lymphocytes.  Since  oata  summarized  above  and  in  our  last  progress  report 

INDICATES  THAT  THE  BLOCK  OP  LYMPHOCYTE  RECIRCULATION  IN  C OLCH I C I NE -TRE A T ED 
RATS  results  PROM  THE  PAILURE  OP  BLOOD-BORNE  LYMPHOCYTES  TO  ATTACH  UPON 
HEV  SURPACES,  This  structural  alteration  in  the  endothelial  CELL  M ICROTUtIULAR 
network  is  PARTICULARLY  INTERESTING.  FURTHER  TESTING  OP  THIS  HYPOTHESIS  IS 
NOW  IN  PROGRESS  EMPLOYING  OTHER  PHARMACOLOGIC  AGENTS  WHICH  SHARE  THE  COMMON 
CAPACITY  TO  OISRliPT  THE  CYTOSKELETON  (viNCA  ALKYLOIOS  AND  TOPICAL  ANE S T HE T I C S ) . 

Preliminary  observations  with  Vincristine  (Table  i8)  indicate  that  relatively 
HIGH  doses  op  This  drug  ( iO"**  - i0“^)  can  also  suppress  lymphocyte  trappic 
IN  VIVO,  AND  IP  These  pindings  are  supported  by  puture  studies  There  will  be 
strong  circumstantial  cvioencc  that  the  surpace  interactions  required  roR 

"homing"  ARC  DEPENDENT  UPON  CYTOSKELETAL  INTEGRITY  IN  BOTH  THE  LYMPHOCYTES  AND 

The  endothelial  cells.  Since  there  are  a wide  variety  op  agents  which  can 
INPLUENCE  These  cytoplasmic  structures,  these  results  may  reveal  entirely  new 
MEANS  POR  pharmacologic  MANIPULATION  OP  IMMUNE  RESPONSES  IN  VIVO. 

f^^OJECT  ‘j.  Studies  op  Lymphocyte  Chemotaxis. 

Results  described  in  our  last  annual  progress  report  have  shown 
that  modifications  op  The  v ' tro  techniques  described  nr  Nelson  et  al  (i97!?) 
CAN  BE  successfully  USED  TO  DEMONSTRATE  BOTH  RANDOM  AND  DIRECTIONAL  MIGRATION 
OP  lymphocytes  under  agarose  in  a 3"CBAMBER  system  devoid  of  extraneous  serum 

PRODUCTS  WHICH  PROVIDES  STRINGENT  CRITERIA  POR  STUDYING  CHEMOTAXIS.  EaCH 
PLATE  WAS  EXAMINED  BY  LIGHT  MICROSCOPY  TO  OETCRMINC  THE  MORPHOLOGY  OP  THE 
migrating  CELLS  AND  AN  OCULAR  GRID  SYSTEM  WAS  EMPLOYED  TO  MEASURE  DISTANCES 
The  cells  had  migrated  prom  the  edge  op  The  center  WELL.  The  number  op 
MIGRATING  cells  AND  THE  OISTANCES  THEY  HAD  MOVED  ALONG  A LINE  CONNECTING  ThE 
CENTERS  OP  ALL  3 WELLS  WAS  COUNTED  AND  PLOTTED  BY  THE  STEM-LEAP  METHOD  TO 
PROVIDE  estimates  OP  BOTH  RANDOM  AND  DIRECTIONAL  MIGRATION  FOR  A LARGE  POPULATIOI 

SAMPLE.  Measurement  op  the  mean  linear  distance  covered  by  the  farthest  iO 
CELLS  MIGRATING  PROM  THE  CENTER  WELL  TOWARDS  THE  ChEMOTACTIC  FACTOR  (A)  AND 
that  pound  POR  similar  cells  on  the  opposite  side  pacing  CONTROL  SOLUTIONS  (B) 
WERE  ALSO  USED  TO  SCORE  THE  CHEMOTACTIC  INDEX  (A  B)  AND  THE  CHEMOTACTIC 
DIFFERENTIAL  (A-B)  DEFINED  BY  NeLSON. 

Studies  comparing  random  and  directional  migration  responses  op 
the  mixed  cellular  populations  PRESENT  IN  THORACIC  DUCT  LYMPH  TO  ENDOTOXIN 
activated  serum  (EAS)  in  the  outer  well  (a)  and  normal  RAT  SERUM  IN  THE 
INNER  WELL  (B)  are  SHOWN  IN  TaBLE  |9*  ThE  RESULTS  DEMONSTRATED  THAT  BOTH 
GRANULOCYTES  AND  MACROPHAGES  RAPIDLY  MIGRATED  OUT  FROM  THE  CENTER  WELL  DURING 
THE  INITIAL  2-7  HOURS  OP  INCUBATION.  FURTHER,  BOTH  CELL  TYPES  CONSISTENTLY 
SHOWED  GREATER  MOVEMENT  TOWARDS  WELLS  CONTAINING  CAS  THAN  WAS  SEEN  ON  THE 
OPPOSITE  SIDE  pacing  CONTROL  SERA.  ThIS  APPEARED  TO  REFLECT  TRUE  CHEMOTACTIC 
RESPONSES  AND  NOT  THE  NON-SPECIFIC  STIMULATION  OP  RAN 'OM  CELLULAR  LOCOMOTION 
AS  THE  ADDITION  OP  PROGRESSIVE  DILUTIONS  OP  EAS  INTO  THE  CENTER  WELL  AT  THE 
START  OP  EACH  RUN  EITHER  TOTALLY  SUPPRESSED  OR  MARKEDLY  DECREASED  OUTWARD 
CELLULAR  migration.  TmE  SMALL  LYMPHOCYTES  RESIDING  WITHIN  THORACIC  DUCT  LYMPH 
exhibited  more  delayed  and  slower  patterns  op  migration,  out  AFTER  l2-lcJ  HOURS 
OF  CULTURE  THESE  CELLS  SHOWED  CLEAR  EVIDENCE  OP  DIRECTIONAL  MOVEMENT  (mEAN 
CHEMOTACTIC  INDEX  OP  4.3  AND  A MEAN  CHEMOTACTIC  DIFFERENTIAL  OP  13?  MiCRONs) 

WITH  A DEFINITE  SHIFT  IN  THE  POPULATION  DISTRIBUTION  CURVE  TOWARDS  THE  EAS- 
CONTAININO  WELL.  SiNCE  THIS  RESPONSE  WAS  ABLATED  BY  MIXING  EAS  WITH  LYMPHOCYTES 

IN  the  center  well,  it  appeared  to  represent  true  chemotaxis  (not  chemok ines is) . 
Because  op  reports  indicating  that  the  expression  op  surface  receptors  can 
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v*i«Y  ccTwccN  ltm^mocttcs  (n  oirrcncNT  staccs  or  matu»**tiok,  *ooirtoN*i 
CxriNlMCNTS  WC«C  MAOl  TO  ANALYTC  TMt  ChCMOTACTiC  HfSPONSrS  Or  LYMrHOfYTrs 
TMAN&FOAMIO  INTO  TMC  "oUAST  CCLL"  STATC  OY  MITOOCN  STIMuIATION.  In  ONr 
scHics  or  sTuoirs,  aotm  rat  splccn  cclls  and  Thoracic  duct  l ympmocyic^  wtrc 
CULTURCO  WITH  I US'MC  Or  CONCANAVALIN  A (a  SCltCTIVC  T-CCIL  HIYOOtN),  At 

HOURS,  OIRCCT  CtLL  COUNTS  AND  H I STOLOC.  1C  Al  CKANlNATlON  Or  STAINCO  SMt  ARS 
SnOWtO  THAT  VIRTUALLY  ALL  Or  THt  SURVIWINu  CfLLS  OISPLAYfO  MOHi’MOl  Oi.  I C 

charactcr 1ST  ICS  Typical  or  blast  cclls.  Whcn  thcsc  T-blasts  wchc  piacco  into 
Th[  CCNTCR  WCLLS  or  ThC  AuAROSC  PLATCS,  ThCY  CKHIIIITCP  CARIY  ANO  RAPUi  mu.raIION 
with  many  cclls  covcrinu  scvcral  hunorcd  microns  or  iincar  oisiancc  wmhin 
HOURS.  Assay  or  thc  rcsponsc  or  thcsc  cclls  to  CAS  showco  a dramatic 

SHirT  IN  THC  POPULATION  DISTRIBUTION  CURVC  TOWARDS  ThC  A WILL  WITH  A ChCMOTACTU 
INDCX  or  ANO  A MCAN  ChCMOTACTIC  OirrCRCNTIAL  or  1130  MICRONS.  COUALLY 

I NTC RCST I NO.  WAS  ThC  r I NO  I NO  Or  TYPICAL  MITOLIC  r lOURCS  IN  MANY  CCLLS  Which  RAO 
MIv;RATCD  CONSIOCKAOLC  DISTANCCS  CROM  ThC  CCNTCR  WCLL.  toLNTICAL  OBSCNVATIONS 
WCRC  THCN  MADC  USINO  B-BLASTS  uCNCRATCD  BY  CULTURINO  RAT  SPLCCN  CCLLS  WITH 

iO-’)<.T  u*i  ML  or  trs  roR  US-f2  hours.  As  this  yicldcd  a mi*co  ccllular 

POPULATION  CONTAINING  APPROX  I MA  T C L Y ‘^0%  B-BLASTS,  3'-'^  SMALL  LYMPhOCYTiS  ANO 
30i  MACROPHAGCS , thc  IOCNTITY  or  ThC  migrating  cclls  in  ThC  ChCMOTACTIC 
ASSAYS  COULD  NOT  OC  CSTABLIShCO  BY  INOIRCCT  PHASt  MICROSCOPY,  SO  THAT  AIL 
CCLL  COUNTS  WCRC  MAOC  BY  LIGHT  MICROSCOPIC  STUDY  Or  TIXCO  ANO  STAINtO  COVI RSL  I PS 

RCMOvco  rRiTM  Thc  agarosc  platcs  at  Thc  fNo  or  caCh  Run.  Ocspiti  this 

LIMITATION,  RCPCATIO  STUDY  Or  THCSC  CCLLS  HAS  SHiYWN  THAT  ONLY  MACROPHaGCS 
DISPLAYCP  CONSISTCNT  CHCMOTACTIC  RtSPONSCS  IN  ThC  NcLSON  ASSAY,  ThC  B-BLASTS 
APPCARCO  to  BC  par  LLSS  MOTILC  Than  ThCIR  T-CCLL  COUNTCRPARTS  and  MIGRATCP  ONI Y 
\C0'200  u IN  ic-ii'  HOURS.  Furthcr,  thcy  cxhiuitcd  a mcan  chcmotactic  indcx 
or  1.^  ANO  A MCAN  chcmotactic  pirrCRlNTIAL  or  ?\  MICRONS  WHICH  PROBABLY  INOICATl 
that  Thc  B-BLASTS  00  NOT  RCSPONO  with  truc  chcmotaxis  along  graoicnts  or  fAS. 
This  riNoiNG  was  particularly  intcrcsting  sincc  similar  stuoics  with  Lymphoma  C' 
CCLLS  (an  UNOirrCRlNT I ATCP  B-CCLL  rat  lymphoma)  ISOLATCD  from  thc  PfRIPHCRAL 
blood  or  Lewis  rats  during  thc  LCUXUSARCOMA  PHASC  OCMONSTRATCO  that  ThISC 
NCOPLASTIC  B-CCLLS  MOVCO  RAPIDLY  UNOCR  AGARDSC  TO  TRAVCL  DISTANCCS  Or  SCVCRAL 
HUNORCD  MICRONS  IN  3*^  HOURS,  BUT  THIS  MIGRATION  WAS  PURCLY  RANDOM  WITH  NO 
CVIOCNCC  rOR  A OIRCCT lONAL  RCSPONSt  TO  LAS.  WhCN  ALL  Or  THISC  RCSULTS  ARC 
COMHINfO,  Th|y  SliGGCST  THAT  GH ANULOC YT C S , MACROPHAGCS,  SHALL  T-CCLLS  ANO 
T-BLASTS  Show  chcmotactic  RC5PON5C5  TO  A SCRUM  PRODUCT  WITHIN  LAS  WHILC 
lOUAlLY  MOTILC  y*CCLLS,  B-BLASTS  ANO  ThCIR  MALIGNANT  COUNTCRPARTS  MAY  LACK  OR 

rAii  TO  CXPRCSS  Thc  surtacc  rcccptors  roR  This  cmcmoattractant  cactpr.  It  is 
STILL  UNCCRTAIN  WhCTMCR  ThC  STRIKING  OirTCRCNCCS  IN  ThC  MAGNITUOC  Or  THC  TOL 
ANO  T-BLAST  RCSPONSCS  TO  CAS  ARC  RCLATCO  SOLCLY  TO  OirrCRCNCCS  IN  THCIR 
RATCS  or  locomotion  or  RCrLCCT  OThCR  CHANGCS  such  as  thc  OCNSITY  or  SURTACC 
rcccptors.  In  our  initial  ATTCMPTS  to  clarity  this  issue,  CON  A WAS  AOOCO 
OIRCCTLY  TO  Thc  SMALL  LYMPhOCYTC  POPULATION  IN  THC  CCNTCR  WCLL  AlOTHC  PIATCS 
WCRC  CULTURCD  rOR  SCOUCNTIAL  TIMC  INTCRVALS  PCrORC  ADDING  LAS  TO  TMC  OUTCR 
WCLLS.  To  OliR  SURPRISC,  THC  RCSULTS  (TaBLC  ?0)  SUOGCSTfO  THAT  CON  A MIGHT 
actually  SUPPRCSS  both  RANDiTM  ANO  OIRCCTIONAL  MIGRATION  OVCR  ThC  TIRST 
HOURS  or  CULTURC,  but  ONCC  blast  CCLL  TRANSrORMAT ION  APPCARCD  THCSC  CCILS 
cxhiuitcd  TYPICAL  PATTCRNS  Or  RAPID  RANDOM  MIGRATION  ANO  CHCMOTACTIC  RISPONSCS 
TO  EAS.  FuTURC  STUDICS  with  this  MOPCL  SHOULD  BC  PARTICULARLY  USCrui  IN 
OCriNING  TMC  MCTABOLIC  ANO  TMC  STRUCTURAL  CHANGCS  INOl'CCD  BY  I C C T I NS  WHICH 
ARC  RCSPONSIBLC  TOR  THC  AUGMCNTCO  IN  VITRO  CHCMOTACTIC  RISPONSCS. 

Bccausc  or  THC  abovc  r inpings  wc  havc  wonpcrco  whcthcr  thc 

DCLAYCO  ANO  RAThCR  SLOW  LOCOMOTION  Of  NORMAL  SMALL  LYMPHOCYTCS  IN  THC  AGAROSC 
ASSAY  COULD  BC  CNMANCCP  BY  MCTABOLIC  PCRTURBATION  Or  THC  CCLL.  BlNCl  TnLKI 
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MAVi  occN  ncports  That  the  random  movement  or  granulocytes,  macrophages  and 
lymphocytes  was  inhibited  0Y  exogenous  cyclic  amp  and  enhanced  by  increasing 
intracellular  levels  or  cyclic  GHP,  we  have  utilized  several  oirrERENT 
DRUGS  IN  attempts  TO  MOOIEY  LYMPHOCYTE  LOCOMOTION.  HOWEVER,  EXPERIMINTS 
EMPLOYING  A RELATIVELY  WIDE  DOSAGE  RANGE  Or  OIBUTYRL  ACETYLCHOLINE  AND 

CARBAMYL  Choline  have  all  rxiLCO  to  enhance  either  random  or  directional 
migration  or  small  lymphocytes  in  the  agarose  plates.  Tests  using  oibutyrl 
^AMP,  Theophylline  and  cholera  enterotoxin  have  suggested  that  these  agents 
CAN  SUPPRESS  The  MOVEMENT  OF  BOTH  NORMAL  LYMPHOCYTES  AND  T-BLASTS  J_N  V I TRO, 

BUT  THIS  CrrCCT  has  been  too  sporadic  TO  PERMIT  ADEQUATE  QUANTITATION  WITH 
The  techniques  available.  Indeed,  the  only  agent  that  we  have  pound  which 
CAN  enhance  CHEMOTACTIC  RESPONSES  IS  SERUM  PROM  LyMPHOMA  3 BEARING  RATS. 

When  either  crude  serum  or  the  globulin  traction  obtained  by  ethanol 

PRECIPITATION  WAS  ADDED  TO  NORMAL  RAT  THORACIC  DUCT  LYMPHOCYTES  IT  INCREASED 

Their  ChEMOTACTIC  responses  to  endotoxin  activated  serum  ^-1|  rOLD  without 

ALTERING  RANDOM  MIGRATION  (mEAN  CHEMOTACTIC  INDEX  Or  AND  A MEAN  ChEMOTACTIC 

oirrcRENTiAL  or  '^2  microns).  As  this  enhancing  eppect  could  not  be  duplicated 
by  normal  serum,  rat  gamma  globulin  or  RABB I T-ANT I -rat  immunoglobulin.  This 
activity  appears  to  be  unique  to  The  lymphoma  systfm  and  studies  arc  in 
PROGRESS  TO  determine  IP  THE  ACTIVE  PACTOR  IS  RELATED  TO  POLYCLONAL 
ISOANT lOOOIES  OR  CIRCULATING  ANTIGEN-ANTIBODY  COMPLEXES  WHICH  ARE  KNOWN  TO 
APPEAR  IN  SOME  TRANSPLANTABLE  ANIMAL  LYMPHOMAS. 

Having  cstablisnco  that  normal  rat  serum  exhibits  chemoattractant 

ACTIVITIES  rOR  ALL  TYPES  OP  LEUKOCYTES  (INCLUDING  T-LYMPHOC YTES ) APTER 
ACTIVATION  BY  ENDOTOXIN,  WE  HAVE  ENGAGED  IN  A LENGTHY  SERIES  OP  STUDIES  TO 

determine  ip  These  cppccts  arc  due  tos>lit  products  prom  the  complement 

CASCADE  WHICH  ARE  KNOWN  TO  BE  CHEMOTACTIC  IN  OTHER  IN  VI TRO  ASSAY  SYSTEMS. 

Data  summarized  in  Table  2\  demonstrate  that  granulocytes,  macrophages, 

TOL  AND  T-BLASTS  all  exhibit  CHEMOTACTIC  RESPONSES  TO  E NDOTOX I N- A C T I V A T ED 
SERUM.  Since  this  activity  is  completely  lost  by  preheating  the  serum  at 

POR  20  minutes  BEPORC  adding  The  ENDOTOXIN,  BUT  REMAINS  UNALTERED  IP  THE 
HEATING  IS  CARRIED  OUT  AFTER  ENDOTOXIN  TREATMENT,  THESE  RESULTS  APPEAR  ENTIRELY 
CONSISTENT  WITH  THE  CHEMOATTRACTANT  ACTIVITY  BEING  MEDIATED  BY  LOW  MOLECULAR 

weight  split  products  from  the  complement  sequence  or  C'^*).  However, 

THIS  concept  cannot  explain  the  surprising  findings  observed  using  serum 
prom  rats  PRETRCATEO  with  cobra  venom  at  dosages  or  2 UG  GRM  BODY  WEIGHT.  At 
intervals  ranging  prom  1-24  hours  APTER  INJECTING  PURIFIED  COBRA  VENOM  FACTOR, 
The  serum  was  completely  devoid  OF  C'^  - C'l^  activities  detectable  by  in  vitro 
ASSAYS.  When  this  C depleted  serum  was  activated  by  endotoxin  and  tested 
against  granulocytes  and  macrophages  in  the  Nelson  assay,  there  was  no  sign 
OF  directional  migration  - A FINDING  ENTIRELY  CONSISTENT  WITH  OEPLETION  OP 
THE  C'3a  and  C'^a  ChEMOTACTIC  FACTORS.  DESPITE  THIS,  ALIQUOTS  OF  THE  SAME  SLRUM 
samples  consistently  displayed  chemoattractant  activities  POR  T-blasts  and  TOL 
WHICH  WERE  comparable  TO  THE  BEST  RESPONSES  SEEN  AFTER  ACTIVATION  OP  NORMAL 

SCRUM.  Together,  these  results  provide  the  first  evidence  for  a spec  i r i c 
chemoattractant  OF  lymphocytes  in  endotoxin-activated  serum  which  must  be 
distTncTTrom”?',^  and  C'ljA.  Attempts  are  now  in  progress  to  isolate, 
CONCENTRATE  AND  CHARACTERIZE  THIS  FACTOR  AS  IT  MAY  WELL  REPRESENT  THE  PROTOTYPE 
POR  STUDYING  CHEMOTACTIC  REGULATION  OF  LYMPHOCYTE  TRAFFIC  IN  VIVO.  WhILE  THE 
ABOVE  OBSERVATIONS  DO  NOT  PRECLUDE  THE  POSSIBILITY  THAT  C*  SPLIT  PRODUCTS  MAY 
ALSO  PRODUCE  NON-SELECT  I VE  CHEMOTACTIC  EFFECTS  UPON  LYMPHOCYTES,  IT  IS  MORE 
OIPPICULT  TO  PROPOSE  A PHYSIOLOGIC  FUNCTION  POR  THIS  WHICH  WOULD  BE  CONSONANT 
WITH  KNOWN  CELLULAR  RESPONSES  TO  INFLAMMATION  J_N  V I VO • InOEEO,  THE  POSSIBLE 
FUNCTION  OF  COMPLEMENT  COMPONENTS  AS  DETERMINANTS  OF  LYMPHOCYTE  RECIRCULATION 
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S£EM  OUtTE  REMOTE  AS  THE  DATA  PRESENTED  IN  TaBLE  22  CLEARLY  DEMONSTRATE 
That  radiolabeled  lymphocytes  move  through  lymphoid  organs  or  venom-treated 

RATS  IN  A PEREECTLY  NORMAL  TASHION  DESPITE  SUSTAINED  SUPPRESSION  Or  TmEIR 
C'3  - C'^  TO  UNDETECTABLE  LEVELS. 

The  ABOVE  RESULTS  HAVE  ALSO  LEO  US  TO  ANALYZE  OTHER  WELL  KNOWN 
chemotactic  agents  roR  possible  chemoattractant  ErrECTS  rOR  lymphocytes  in 
The  MooiriEo  Nelson  plates.  Data  summarized  in  Table  23  demonstrate  the 
RAT  GRANULOCYTES  ISOLATED  PROM  THE  PERIPHERAL  BLOOD  BY  Fl COLL-HypAQUE 
gradient  separation  exhibited  TYPICAL  DIRECTIONAL  MIGRATION  AGAINST  CRUDE 
C.  COLI  culture  riLTRATE;  THE  CHEMOTACTIC  TR I PE PT I OE -E -MET -LE U-PHE  (SUPPLIED 
BY  Dr.  Elliot  ScHirrMAN  at  the  National  Institutes  or  Health)  and  the  cruoe 
BASOPHILE  chemotactic  PACTOR  prepared  prom  supernatants  or  RAT  Burrv  COAT 

CELLS  TREATED  WITH  THE  CALCIUM  lONOPHORE  A23187  AS  DESCRIBED  BY  LICHTENSTEIN. 

Rat  peritoneal  macrophages  showed  similar, but  slightly  less  dramatic  responses 
TO  EACH  or  these  agents.  In  contrast,  repeated  studies  with  thoracic  duct 
lymphocytes,  T-dlasts,  B-blasts  and  Lymphoma  8 cells  all  paileo  to  reveal  any 

evidence  rOR  DIRECTIONAL  MIGRATION  OP  DEPINEO  LYMPHOCYTE  POPULATIONS  TO  AGENTS 
WHICH  were  CLEARLY  POTENT  STIMULATORS  OP  ChEMOTAXIS  IN  THE  OTHER  CELL  LINES. 

When  COMBINED  WITH  The  observations  described  earlier,  these  RESULTS  STRONGLY 
suggest  that  lymphocytes  must  have  completely  oipperent  types  op  surpace 
RECEPTOR  mechanisms  POR  REGULATING  THEIR  LOCOMOTION.  INDEED,  THESE  P I ND I NGS 
WERE  QUITE  COMFORTING  IN  LIGHT  OF  OUR  CURRENT  KNOWLEDGE  OF  CELL  TRAFFIC 
IN  VIVO  AS  IT  WOULD  BE  DIFFICULT  TO  EXPLAIN  HOW  LYMPHOCYTE  MOVEMENT  OIRECTCO 
TOWARDS  bacterial  PRODUCTS  WOULD  PROVIDE  BIOLOGICAL  ADVANTAGES  FOR  THE  HOST. 

One  or  the  unique  advantages  provioeo  by  the  agarose  assay  is 
that  cells  can  be  plated  into  The  peripheral  wells  and  then  cultured  FOR 
SEVERAL  HOURS  TO  3 DAYS  TO  DETERMINE  WHETHER  THEY  RELEASE  FACTORS  WHICH  ARE 
CHEMOTACTIC  POR  OTHER  CELL  TYPES  ADDED  TO  THE  CENTER  WELL.  OuR  PRELIMINARY 
observations  USING  THIS  GENERAL  EXPERIMENTAL  DESIGN  ARE  LISTED  IN  TaBLE  2*1. 

In  summary,  These  results  provide  the  first  evidence  indicating  that  B-blasts 
PRODUCE  factors  WHICH  ARE  CHEMOTACTIC  FOR  T-BLASTS  BUT  APPARENTLY  LACK  THIS 
EFFECT  ON  OTHER  TYPES  OF  LYMPHOCYTES.  SlNCE  THERE  IS  _I_N  V I VO  EVIDENCE 
suggesting  that  some  T-blasts  may  move  into  germinal  centers  and  the  surrounding 
MANTLE  ZONE  (B-CELL  AREAs),  THESE  OBSERVATIONS  MAY  PROVIDE  OUR  FIRST  INSIGHT 
INTO  THE  mechanisms  WHICH  ACCOUNT  FOR  THE  REDISTRIBUTION  OF  LYMPHOCYTES  INTO 
DIFFERENT  ZONES  OF  LYMPHOID  TISSUES.  FURTHER  STUDY  OF  THIS  PHENOMENON  AND 
THE  POSSIBLE  MEDIATORS  ARE  NOW  IN  PROGRESS. 

PROJECT  6.  The  Mechanisms  of  Immunopotentiation  by  Standard  Adjuvants. 

Evidence  summarized  in  our  previous  progress  reports  and  current 
contract  renewal  indicates  that  non-specific  adjuvants  may  potentiate  immune 
responses  by  a variety  of  mechanisms,  I.E.:  depot  formation;  stimulation  of 
macrophages;  granuloma  formation;  recruiting  both  ant , GEN-REACT I VE  and  helper 
T-cells  into  the  node;  initiating  release  of  lymphokines  and  other  cell 

PRODUCTS  WHICH  facilitate  HELPER  EFFECTS;  ACTIVATING  MACROPHAGES;  STIMULATING 
T AND  B CELLS  DIRECTLY;  ENHANCING  THE  PRODUCTION  AND  RELEASE  OF  HELPER  T-CELLS 
FROM  THE  THYMUS,  AND  ETC.  SINCE  COMPUTE  FrEONO'S  ADJUVANT  (CFA)  HAS  BECOME 
generally  accepted  as  the  best  prototype  FOR  NON-SPEC IFICALLY  AUGMENTING 
IMMUNE  RESPONSES  IN  WEAK  IMMUNOGENS  IN  EXPERIMENTAL  ANIMALS,  WE  HAVE  INITIATED 
MAJOR  EFFORTS  TO  DEFINE  THE  MECHANISMS  OF  ACTION  OF  THIS  AGENT  TO  ACHIEVE  THE 
NECESSARY  BACKGROUND  FOR  OUR  PROPOSED  USE  OF  MURAMYL  DIPEPTIOE  AND  CELL 


PRODUCTS  AS  ADJUVANTS 


In  TMESt  STUDIES  OVER  200  Lewis  rats  have  been  immunized  with  VEi 
vaccine  in  CFA.  These  animals  were  bled  at  sequential  intervals  to  ottermine 

ANTiBOOr  TITERS  BT  PLAQUE  NEUTRALIZATION  ASSAYS  AND  REPRESENTATIVE  RATS  WERE 
KILLED  AT  I,  3>  7>  ' > ^8  AND  ^ DAYS  POST- IMMUN  I Z AT  I ON  TO  DOCUMENT 

M ICROVASCULAR,  MORPHOLOGIC  AND  CELL  TRAFEIC  CHANGES  IN  THEIR  LYMPHATIC  TISSUES. 

Results  shown  in  Table  25  demonstrate  that  subcutaneous  injections  of  VLE 

IN  CFA  CAUSED  A doubling  IN  REGIONAL  LYMPH  NODE  WEIGHT  WITHIN  3"?  Ok'fS. 

This  was  followed  by  a gradual  decline  td  a mean  of  38  which  was 
maintained  from  28  TO  ‘jb  DAYS  POST  CHALLENGE.  ThESE  CHANGES  WERE  VIRTUALLY 
IDENTICAL  TO  THOSE  SEEN  USING  BRIEF  ANTIGENIC  EXPOSURE  TO  SKIN  ALLOGRAFTS 
DESPITE  PREVIOUS  POSTULATES  THAT  CFA  SERVES  AS  A DEPOT  PROMOTING  LONG  TERM 
EXPOSURE  OF  THE  REGIONAL  NODE  TO  ANTIGENS.  EQUALLY  INTERESTING  WERE 
OBSERVATIONS  THAT  THE  TOTAL  LYMPH  NODE  MASS  OF  RATS  INJECTED  WITH  CFA 
gradually  increased  FROM  A MEAN  WEIGHT  OF  APPROXIMATELY  MG  TO  I 1 90  MG 

(Table  26)  over  the  8 week  study  interval  while  that  seen  in  saline  injected 
controls  fluctuated  between  MG.  While  this  may  represent  responses 

TO  granuloma  dissemination  throughout  The  lymphoid  system,  this  may  not  be 
THE  sole  explanation  as  spleen  weights  in  The  CFA-treateo  rats  remained 
unchanged  over  the  same  5^  DAY  INTERVAL. 

Morphometric  techniques  were  employed  to  relate  this  regional 
NODAL  enlargement  TO  CHANGES  IN  THE  MASS  OF  T AND  B CELL  ZONES.  RESULTS 
illustrated  in  Table  27  demonstrate  that  local  CFA  injections  caused  a 3-fOLD 

INCREASE  IN  MEAN  CORTICAL  WEIGHT  WHICH  PERSISTED  FROM  3 TO  28  DAYS  POST- 

CHALLENGE.  After  the  initial  inflammation  resolved,  this  was  paralleled  by 
A 2-3x  INCREASE  IN  BOTH  THE  NUMBER  AND  ESTIMATED  M*SS  OF  GERMINAL  CENTERS  WITHIN 
THE  ENLARGED  CORTEX.  As  THE  MEDULLARY  CORDS  BECAME  LONGER  AND  MORE  PROMINENT 
FROM  7*28  DAYS,  THERE  SEEMED  TO  BE  LITTLE  DOUBT  THAT  THIS  IMMUNIZATION  EVOKED 
INTENSE  CELLULAR  PROLIFERATION  AND  DIFFERENTIATION  IN  THE  B-CELL  ZONES 
CONSISTENT  WITH  A VIGOROUS  HUMORAL  ANTIBODY  RESPONSE.  ThE  SEQUENTIAL 
MORPHOLOGIC  CHANGES  APPEARING  WITHIN  THESE  NODES  PROVIDED  FURTHER  INSIGHT 

INTO  The  possible  mechanisms  of  immunopotent I at  ion  by  CFA.  Histologic  scoring 
OF  THE  lymphocyte  MIGRATION  INDEX  (nuMBER  OF  MIGRATING  LYMPHOCYTES  PER  lOO 
HIGH  ENDOTHELIAL  CELLs)  STRONGLY  SUGGESTED  THAT  THE  TRAFFIC  OF  BLOOD-BORNE 

lymphocytes  into  The  nodes  was  increased  from  I TO  28  DAYS  POST  Challenge. 

While  autoradiographic  studies  monitoring  the  intranodal  traffic  of  these 

CELLS  ARE  STILL  PENDING,  THE  FREQUENT  FINDING  OF  LOOSELY  ADHERENT  CLUMPS  OF 

lymphocytes  with  apparent  "plugging"  of  The  intermediate  SINUSES  certainly 
SUPPORTED  INCREASED  TRAFFIC  ACROSS  THE  NODE  WITH  POSSIBLE  PARTIAL  BLOCKADE 
OF  EGRESS.  While  numerous  activated  macrophages  were  FOUND  IN  ALL  SINUS 
PASSAGES,  TYPICAL  GRANULOMAS  FIRST  APPEARED  IN  THE  OUTER  NODAL  CORTEX  AT  I 
DAYS  AND  GRADUALLY  ENLARGED  OVER  THE  SUBSEQUENT  STUDY  INTERVAL.  Wh I LE  IT  SEEMS 
QUITE  PLAUSIBLE  THAT  THESE  CHANGES  MAY  BE  RELATED  TO  ALTERED  ANTIGEN  CLEARANCE 
FROM  THE  NODE,  THIS  CONCEPT  IS  JUST  NOW  BEING  TESTED  WITH  LABELED  VtE . In  ANY 
EVENT,  THIS  combination  OF  INFLAMMATION  AND  MACROPHAGE  ACTIVATION  APPEARS  TO 
CAUSE  PROLONGED  RECRUITMENT  OF  RECIRCULATING  LYMPHOCYTES  THROUGH  THE  REGIONAL 
NODE.  Whole  organ  counts  AFTtR  INFUSING  3x*0^  RADIOLABELED  THORACIC  DUCT 
CELLS  INTO  These  hosts  DEMONSTRATED  T>*  T THE  24  HOUR  ACCUMULATION  OF 
RADIOACTIVITY  IN  THE  NON-ST  I Mu LA TED , CONTRALATERAL  NODES  CONSISTENTLY  RANGED 
NEAR  0.3^  OF  the  total  INJECTED  DOSE  OVER  INTERVALS  RANGING  FROM  0 TO  DAYS. 

In  contrast,  the  stimulated  regional  nodes  consistently  showed  I,'.  - 3*  GREATER 
uptake  of  RAOIOLABEL  between  I AND  28  DAYS  POST-CFA  INJECTION.  Wh I LE  THIS 
CLEARLY  PROVES  INCREASED  CELLULAR  TRAFFIC  THROUGH  THE  REGIONAL  NODES,  THIS 
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NON-SPEC iric  RECRUITMENT  MAY  BE  RELATED  IN  PART  TO  AUGMENTED  OLOOO  FLOW 
THROUGH  THE  ENLARGED  NODE  SINCE  THE  SPECIFIC  ACTIVITY  (OFM  PER  GRAM  OF 
tissue)  was  NOT  SIGNIFICANTLY  DIFFERENT  IN  THE  REGIONAL  AND  CONTRALATERAL 
NODES  AT  EACH  TIME  INTERVAL  STUDIED.  AS  LYMPHOCYTE  RECIRCULATION  THROUGH 
OTHER  LYMPHOID  ORGANS  IN  THE  SAME  HOSTS  WAS  UNALTERED  (TaBLE  3O),  IT  SEEMED 
UNLIKELY  that  THE  ENHANCED  REGIONAL  NODE  TRAFFIC  COULD  BE  ATTRICUTEO  TO  POSSIBLE 
SYSTEMIC  CHANGES  (i.E.,  NON-SPECIFIC  STRESS,  ETC.)  PRODUCED  BY  CFA. 

There  is  further  evidence  suggesting  that  these  cell  traffic 
changes  arc  relevant  TO  IMMUNOPOTCNTIATION  BY  CFA.  OaTA  COMPARING  PLAQUE 
neutralization  titers  in  sera  from  rats  immunized  VCC  or  VEE  in  CFA  arc 
SHOWN  IN  Table  3'*  results  demonstrate  that  CFA  increases  VEE  antibody 

RESPONSES  BY  lO-I^X,  YIELDING  EFFECTIVE  PROTECTION  AGAINST  CHALLENGE  WITH 
VIABLE  ORGANISMS  FOR  TIME  INTERVALS  EXTENDING  BEYOND  l6  WEEKS.  Of  EVEN  GREATER 
interest  are  The  observations  that  thymectomy  lO-|i|  DAYS  BEFORE  IMMUNIZATION, 
PROMOTED  HIGHER  AND  MORE  PROLONGED  ANTIBODY  TITERS  REGARDLESS  AS  TO  WHETHER 
THE  RATS  WERE  INJECTED  WITH  VEE  ALONE  OR  IN  COMBINATION  WITH  CFA.  ThESC 
EFFECTS  WERE  CLEARLY  DEPENDENT  UPON  THE  REGIONAL  NODE  AND  COULD  NOT  BE 
DUPLICATED  BY  INJECTING  THE  ANT  I GEN-AD JUVANT  MIXTURE  INTO  THE  THYMUS  WHICH 

HAS  AN  atretic  lymphatic  network.  Similarly,  surface-active  agents  like 
oigitonin  produced  local  inflammation  at  the  antigen  injection  sites  which 

FAILED  TO  AUGMENT  AND  MAY  EVEN  HAVE  SUPPRESSED  IMMUNE  RESPONSES  TO  VEE.  SINCE 
THE  VACCINE  PREPARATION  EMPLOYED  IN  THESE  STUDIES  APPEARED  TO  BE  A POTENT 
IMMUNOGEN  CAPABLE  OF  ELICITING  ANTIBODY  RESPONSES  IN  ALL  RATS  CHALLENGED, 

THESE  RESULTS  SUGGEST  THAT  ADULT  RATS  HAVE  ADEQUATE  TISSUE  STORES  OF  THE 
immunocompetent  CELLS  AND  HELPER  CELLS  NEEDED  TO  MOUNT  IMMUNE  RESPONSES  TO 
VEE  ANTIGENS.  The  cell  traffic  CHANGES  INDUCED  BY  CFA  PROVIDE  ONE  OBVIOUS 
mechanism  whereby  THESE  CELLS  MAY  BE  RECRUITED  INTO  REGIONAL  NODES  WHERE 
ANTIGEN  IS  SEQUESTERED.  HOWEVER,  THE  FACT  THAT  THESE  ANTIBODY  RESPONSES  CAN 
BE  AUGMENTED  AND  PROLONGED  BY  THYMECTOMY,  INDICATES  THAT  BOTH  ANTIGEN- 
INDUCED  AND  ADJUVANT-MODIFIED  IMMUNITY  MAY  BE  MODULATED  BY  SUPPRESSOR  CELLS, 
NEWLY  FORMED  AND  RELEASED  FROM  THE  THYMUS.  If  CORRECT,  THIS  MAY  PROVIDE  A 
NEW  PROTOTYPE  FOR  POTENTIATING  IMMUNITY  WHICH  MAY  BE  OF  CLINICAL  RELEVANCE 
AS  pharmacologic  MEANS  ARE  NOW  AVAILABLE  TO  SELECTIVELY  INHIBIT  CELLULAR 
PROLIFERATION  AND  DIFFERENTIATION  WITHIN  THE  THYMUS.  FURTHER  STUDIES  OF  THIS 
PHENOMENON  ARC  NOW  IN  PROGRESS. 
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TABLE  I 

THE  EFFECTS  OF  VARYING  CONCENTRATIONS  OF  RUTHENIUM  RED  DYE  UPON 
IN  VITRO  LYMPHOCYTE  FUNCTIONS 


Dose 
(mg/ml ) 

§ 

Mitogenic 

Response 

Agglutination 

VlABIL ITY  BY 

Trypan  Blue 

Surface 
Patches  Caps 

Migration  under  Agarose* 
Random  Directional 

1 .0 

|40  CPM 

+ 

ia.2 

- 

- 

0.5 

l66  CPM 

+ 

96.6 

lOOjT  43;< 

+ 

+ 

0.  1 

bi2  CPM 

0 

97.2 

4«j< 

+ 

■f 

Control 

3^5  CPM 

0 

96.4 

0 0 

f 

•f 

^XlO^  SPLEEN  CELLS  CULTURED  FOR  72  HOURS  WITH  OVE  AND  PULSED  WITH  3H-THYMI0INE  FOR 
2 HOURS. 

•Random  and  directional  migration  scored  ut  migration  under  agarose  in  the  Mooirico 
Nelson  chemotactic  assay  using  endotoxin-activated  serum. 


?6 


Tablc  2 

THE  ACCUMULATION  OF  RADIOACTIVITY  IN  RAT  ORGANS  AFTER  INFUSING 
300x»0^  3h-URIOINE  labeled  lymphocytes  TREATED  WITH  RUTHENIUM  RED  DYE 

Time  After  % Total  Dost  Accumulating  in  Rat  Organs  After  Treating 

Cell  Infusion  TDL  with  i mg  RUTHENIUM  RED^ 


2h  hr 

LN 

1.44 

Spleen 

i.^i 

Liver 

i4.30 

Lungs 

0.68 

Gut 

2.  i4 

)(  Total 

Dose  Accumulating  in 
TDL  With  0.0^ 

Rat  Organs 
MG  Ruthenium 

After  Treating 
Red 

2 HR 

LN 

3.2 

Spleen 

37.3' 

L 1 VER 
i2.0J 

Lungs 

9-3' 

Gut 

2. 71 

^ HR 

4.92 

30.68 

9.76 

?.b8 

2.88 

b HR 

7.36 

21.30 

8.88 

..30 

4.47 

24  HR 

i4.|jO 

7.65 

12.34 

1 .06 

3-7' 

Total 

Dose  Accumulating  in 
TDL  With  O.Oi 

Rat  Organs 
MG  Ruthenium 

After  Treat ing 
Red 

2 HR 

LN 

4.44 

Spleen 

36.6 

Liver 

1 1 .08 

Lungs 

7.48 

Gut 

3- 78 

4 HR 

6.15 

27.8 

7.61 

3.40 

4.ck8 

d HR 

12.07 

18.06 

5.20 

2.23 

4.74 

24  HR 

20.02 

6. 1^ 

5.00 

1.18 

8.b0 

^Eacm 

rats 

VALUE  REPRESENTS  TNE  MEAN  FIGURE 
at  each  time  interval  DESIGNATED 

DERIVED  FROM  THE  STUDY 

OF  3-8 
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TABLE  4 

THE  ACCIMULATION  OF  RADIOACTIVITY  IN  RAT  ORGANS  AFTER 
INFUSING  300x10^  3h-UR|0INE  LABELLED  LYMPHOCYTES  TREATED  WITH  ALCIAN  BLUE  DYE 


Time  After 
Infusion 

% OF 

Total 

Dose  Accumulating  in  Organs  after 
TDL  With  200  ug  Alcian  Blue 

Treat i ng 

LN 

Spleen 

Liver  Lungs 

Gut 

24  HR 

3.72 

2.96 

16.9  i.30 

3.96 

% OF 

Total 

Dose  Accumulating  in  Organs  After 
TDL  With  20  ug  Alcian  Blue 

Treating 

24  HR 

^.75 

1.52 

1O.65  1 .34 

6.4 

% OF 

Total 

Dose  Accumulating  in  Organs  After 
TDL  With  2 ug  Alcian  Blue 

Treat i ng 

2 HR 

4.69 

31.74 

9.1  6.2 

1 .91 

4 HR 

6.31 

29.11 

6.44  1.92 

2.20 

8 HR 

9.62 

20.25 

4.2i  1.27 

2.25 

24  HR 

18. 4i 

6.72 

i0.04  1.76 

4.92 

% OF 

Total 

Dose  Accumulating  in  Organs  After 
TDL  With  0.2  ug  Alcian  Blue 

Treating 

24  HR 

18.  i4 

6.65 

8.2  1.36 

5. 28 
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TAHLt  'y 

THE  EEFLCTS  Of  CONCANAVALIN  A UPON  IN  VITRO  LYMPHOCYTE  FUNCTION 


Dose 
(uc  ml) 

Mitooenic^ 

Response 

Auglut inat ion 

Viability  by 
Trypan  Blue 

SUREACE 

P’atches  Caps 

Hi  gray  ion* 
Random  Direct ional 

1 

CPM 

0 

0% 

0 0 

r.‘) 

I |J)  j O'M 

•f 

M 

0 0 

‘).0 

O'M 

s* 

0 0 

lO.O 

tb3  COM 

b% 

0 0 

Control 

tiO  COM 

0 

0 

0 

♦ ♦ 

M . *> 

•)XlO''  SPLtCN  CCLLS  CULTURED  TOR  'J2  HOURS  WITH  CON  A *NO  I’ULSED  WITH  HVM  1 0 I NC 

rOR  Z hOliRS  . 

•Random  and  directional  migration  scored  or  migration  under  ao.arosj  in  tmi 
MODiriED  Nelson  cmemotactic  assay  usino  cnootox in-act ivated  serum. 


I t 
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TABLE  6 

THE  ACCUMULATION  OF  RADIOACTIVITY  IN  RAT  ORGANS  AFTER  IV  INFUSION 

i 

WITH  300x10^^  3H-URIDINr  LABELED  LYMF^IOCYTES  TREATED  WITH  CONCANAVALIN  A 


T IMt  AFTtR 

Injcct ion 

% or  Total  Dose  Accumulating  in  Organs  After 
TDL  With  i uu  Con  A 

Tr(  at  1 NO 

2 HR 

LN 

2.93 

Spleen 

17.82 

Liver 

1 4 .62 

Lungs 

2.30 

Gut 

2.39 

MR 

6.23 

30.74 

34.68 

6.13 

8 HR 

9.  i4 

26.62 

12.32 

2.96 

‘>.42 

2h  HR 

17.70 

6.33 

7.98 

2.36 

3.88 

% Total 

Dose  Accumulating  in  Organs  After  Treating 

TDL  With  2.8  og  Con  A 

2 MR 

LN 

1 . 18 

Spleen 

27.40 

Liver 

23. 

Lungs 

3.01 

Gut 

2 .2  1 

^ If  HR 

2.09 

33.20 

18.86 

2.30 

2.18 

1 6 HR 

8.^>3 

3 '.03 

1O.02 

0.03 

1 .00 

24  HR 

9. <2 

i4.90 

8. '3 

0.49 

'.39 

t; 

» 

'1 

1 

^ Total 

Dose  Accumulating  In  Organs  After  Treating 

TDL  With  8.0  ug  Con  A 

1 

1 

^ 2 MR 

LN 

0.47 

Spleen 

1.07 

Liver 

12.73 

Lungs 

2.03 

Gut 

2.^9 

4 HR 

0.29 

0.62 

8.83 

'.33 

2.30 

0 HR 

0.27 

0.82 

5.07 

0.43 

1 .88 

24  HR 

0.30 

0.38 

8.26 

0.30 

1.74 

^ Total 

Dose  Accumulating  In  Org 
TDL  With  iO  ug 

•NS  After  Treat ing 

Con  a 

2 HR 

LN 

0.85 

Spleen 

4.86 

Liver 

22. 4o 

Lungs 

6.80 

Gut 

1 .88 

4 HR 

o.4o 

3.9^ 

1O.2O 

3.35 

i./O 

8 HR 

0.69 

4.26 

7.90 

i.4i 

2.08 

24  HR 

1.25 

2.77 

4.23 

0.63 

• .29 
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TABLE  7 

THE  EFFECTS  OF  ANT  I - IMMUNOGLOaJL I N UPON  IN  VITRO  LYMPHOCYTE  FUNCTION 


Dose 

Mitogenic' 

AgGLUT  INAT  1 ON 

Viability  by 

Surface 

Ml GRAT  I ON* 

(mg  PROTEIN/ ml) 

Response 

Trypan  Blue 

Patches 

Caps 

Random 

DlkCCl lONAL 

“Ant  I IgG  ‘>Omg 

iblliT  CPM 

0 

9^\2'6 

-f 

Anti  IgG  ^mg 

87^  CPM 

0 

97.3* 

iDi 

■f 

4' 

Control 

2<'2  CPM 

0 

0 

0 

♦ 

"ATG  ‘)Omg 

lOc  ci’M 

0 

0 

\>3f 

S<( 

0 

U 

SPLCCN  CELLS  CULTURED  TOR  'f2  HOURS  WITH  *NTt  I liG  ANO  fULSEO  WITH  3H-TMrMIOtNr 
roR  2 HOURS. 

•Random  and  directional  migration  scored  sr  measuring  the  migration  or  au-coated 
lymphocytes  under  agarose  in  the  MOoiFiro  Nelson  assay  using  endotoxin  activated 
SERUM  AS  The  ChEMOTACTiC  STIMULUS. 

“Rabbit  anti  rat  IgG. 

"Rabbit  anti  rat  thymocyte  globulin. 
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THE  ACa>1ULATI0N  OF  RADIOACTIVITY  IN  RAT  ORGANS  AFTER  5] 

INFUSING  300x10^  3h-URIDINE  LABELED  LYMPHOCYTES  TREATED  WITH  ANT  I - IMMUNOGl O0UL IN  ' 


T iME  After 

or 

Total  Injected 

Dose  Accumulating 

In  Organs 

1 NFUS 1 ON 

LN 

Spleen 

Liver 

Lung 

Gut 

2 MR 

3.L9 

t7 

].y. 

?.  Wt 

L MR 

1 2 . It) 

<).2o 

•>•'3 

1 . ‘)9 

O MR 

(.ho 

1 1 .0^ 

1 .‘TO 

3-92 

HR 

^>.99 

i’.OO 

THE  ACCIWULATION  OF  RADIOACTIVITY  IN  RAT  ORGANS  AFTER  INFUSING 
300xi0^'  3h-URIDINL  labeled  LYMPHOCYTES  PRE- INCUBATED  W ITH  ANT  I -THYMOCYTE  GL0t3ULIN 

% OF  Total  Injccteo  Dose  Acckmula j ino  In  Uncans 


T IME  After 

Infos  ion 

LN 

Spleen 

Liver 

Lung 

Gut 

2 MR 

0.33 

1 .55 

lO.  • 

2.  1 

1.03 

•1  HR 

0.55 

1 .22 

lO.o 

i.i 

2.11*5 

0 MR 

0.32 

1 .h2 

9.1' 

0.‘>l 

3.‘^ 

2ip  MR 

0.31 

0.142 

11. 9^ 

O.t'2 

2.  lO 

i 

i 


3:i 

TABLE  9 


THE  EFFECTS  OF 

CYTOCHALASIN  A ON 

lymphocytes 

IN  VITRO 

• 

Ultrastructural 

Changes 

Dose 

(ug/ml) 

Viability 

% 

Number  of' 
Migrating  Cells 

Distance  Migrated^ 
Random  Directional 

Loss  OF 

Ml  CROV ILL 

Aggregated  surface 
Microfilaments  blebs 

ZEOS 

0 

96.6 

9i 

I40 

186 

0 

0 

0 

0 

0.2 

95.ti 

1O6 

52 

20 1 

+ 

+ 

0 

0 

2.0 

96. 

80 

3l» 

00 

CVJ 

+ 

+ 

0 

+ 

I4.0 

96.7 

1(2 

20 

52 

++ 

•H- 

+ 

+ 

o.O 

97.2 

0 

0 

0 

++++ 

++++ 

+4- 

++ 

6.0 

9^,8 

0 

0 

0 

++++ 

++++ 

+4* 

++ 

'mean  number  of  migrating  cells  in  a 66fJ  WIDE  STRIP  CONNECTING  THE  CENTERS  OF  ALL  3 WELLS 
IN  AGAROSE  PLATES. 


p 

Mean  linear  distance  in  microns  traveled  in  i2  hours  by  lymphocyte  populations  showing 

RANDOM  movement  and  DIRECTIONAL  MIGRATION  TOWARDS  ENDOTOXIN  ACTIVATED  SERUM  IN  AGAROSE  PLATES. 


r 


T 


I 
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TABLE  10 


THE  ACCUMULATION  OF  RADIOACTIVITY  IN  RAT  ORGANS  AFTER  IV  INFUSION 


WITH  300xi0° 

3h-URIDINE  labeled  lymphocytes  TREATED  WITH  ( 

CYTOCHALASIN  A 

% OF 

Total 

Dose  In  Organs 

After  Treating 

Cells  W i th 

lO  ug/ml 

T iME  After 

LN 

Spleen 

Liver 

Lungs 

Gut 

Injection 

2 HR 

0.07 

23.2 

'3-3 

4.0 

2.1 

^ HR 

0.i4 

13.6 

9-3 

1 .0 

3.9 

8 HR 

0.  i4 

4.0 

7.0 

0.6 

2.6 

2k  HR 

0.  15 

2.0 

7.5 

0. 1 

3-9 

56  OF 

Total 

Dose  In  Organs 

After  Treat i ng 

Cells  With 

6 ug/ml 

LN 

Spleen 

Liver 

Lungs 

Gut 

2 HR 

0.  18 

1 1 .4 

»6.2 

7-3 

2. 2 

HR 

0. 19 

8.3 

6.6 

6.8 

1.2 

8 HR 

0. 19 

3-9 

7-3 

1.7 

2.3 

2h  HR 

0.36 

2.8 

7.3 

4.8 

3.8 

it  OF 

Total 

Dose  In  Organs 

After  Treating 

Cells  With 

4 ug/ml 

LN 

Spleen 

Liver 

Lungs 

Gut 

2 HR 

0.32 

9.7 

9.8 

4. 1 

3-3 

HR 

0.22 

6.9 

7-3 

8.9 

‘?-3 

8 HR 

0.29 

3.9 

7.8 

I .0 

2.9 

2k  HR 

0.48 

2.0 

5-3 

2.7 

3-9 

^ OF 

Total 

Dose  In  Organs 

After  Treating 

Cells  With 

2 UU/ML 

LN 

Spleen 

Liver 

Lungs 

Gut 

2 HR 

2.73 

i4.3 

11.2 

•3-5 

4.1 

4 HR 

2.50 

|2.9 

8.9 

3.8 

2.3 

8 HR 

5.05 

1O.7 

12.5 

‘<•3 

2.8 

2*1  HR 

9.08 

*♦.7 

!).2 

2.3 

3.8 

i 

I 

j 


I 

1 

J 


#E*CH  point  = MEAN  VALUE  DERIVED  FROM  STUDVING  3"5  . 
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TABLE  M 

THE  ACCUMULATION  OF  RADIOACTIVITY  IN  RAT  ORGANS  AFTER  IV  INFUSION 
WITH  300xi0^  3h-URIDINE  labeled  LYMPHOCYTES  TREATED  WITH  CYTOCHALASIN  B AT  lO  ug/ml 


% or  Total  Dose  In  Organs 


T iME  After 
Injection 

LN 

Spleen 

Liver 

Lungs 

Gut 

L MR 

'•57 

22.1 

•5.7 

13.8 

2.1 

2 MR 

18.8 

6.3 

3.2 

2-3 

MR 

1 .*>6 

•2.9 

lO.O 

3.(. 

0.9 

MR 

2.92 

9-5 

■7 

7.U 

'.7 

1.8 

MR 

5*79 

3.5 

•3-3 

3.7 

1 .8 

^Eacm  point 

■ MEAN  value 

derived  from  TME 

STUDY  or  3"5  •»*TS. 

j 

j 
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TABLE  I 2 

THE  IN  VITRO  EFFECTS  OF  COLCHICINE  UPON  RAT  THORACIC  DUCT  LYMPHOCYTES 


Drug 

Viability  by 

Random 

Traff  I c 

K inet I cs 

Dose 

Trypan  Blue 

Mot  I l I ty 

(58  of  Total  Dose  of 

Injected  Raoioact  i' 

Exclusion 

IN  LgMPH  Nodes  2k  hours  After  Infusin- 

3xiO^  Cells  Laueleo  With  3h-Uridine)” 

MEAN 

RANGE 

lO"^  COLC 

0 

6.  i2 

(2. '-8.3) 

lO"^  COLC 

78.858 

0 

6.»i8 

(5-3-7. ‘t) 

lO"^  COLC 

9^.658 

+ 

16.56 

(i2.8-i9.‘() 

lO’^  COLC 

98.258 

+ 

18. 2i 

(17.1-21.2) 

lO"^  COLC 

9:3.3^ 

+ 

17.85 

( 16.9-20.8) 

lO"'®  COLC 

+ 

i7.5‘< 

(17.8-22.3) 

lO"^  LumiColc 

96..  >58 

+ 

22. 4i 

(i7.3-2‘<.i) 

No  DRUG 

+ 

19.80 

( lO. 8-23.11) 

#r»CM  rOINT  = MEAN  VALUE  OBSERVED  IN  STUDY  OF  3”5  ***^5 


TABLE  13 


THE  ACCUMULATION  OF  RADIOACTIVITY  (%  OF  TOTAL  DOSE  INJECTED  ) IN  ORGANS  OF 
NORMAL  RATS  INFUSED  WITH  300xi0^  3h-URIDINE  LABELED  LYMPHOCYTES  TREATED 

WITH  COLCHICINE  FOR  ^ HOUR'*' 


Cells  Pre-Incubateo  With  iO”^*M  Colchicine 

T iME  After 

Infusion  LN  Spleen  Liver  Lungs  Gut 


2 HR 

1 .90 

38.2 

9.6 

9.6 

3.90 

4 HR 

1.95 

•7.3 

5-9 

2.4 

1.43 

8 HR 

3-39 

15.6 

4.6 

'•3 

1 .65 

18  MR 

9.72 

5-2 

5.6 

0.8 

1 .bO 

Cells  Pre- 

Incubated  With  iO“jM  Colchicine 

LN 

Spleen 

Liver 

Lungs 

Gut 

2 HR 

1.63 

22.1 

'2.9 

'5-7 

1.23 

4 MR 

1.74 

•5.7 

5.4 

4.4. 

1 .03 

8 HR 

2.58 

18.6 

5-5 

'.7 

1 .42 

18  HR 

I0.90 

5.7 

^•1 

0.6 

1.26 

Cells  Pre- 

Incubated  With  i0”t'M  Colchicine 

LN 

Spleen 

Liver 

Lungs 

Gut 

2 HR 

2.55 

24.1 

6.9 

3.9 

2.17 

4 HR 

3.27 

22.5 

5.5 

1 .6 

2.50 

8 HR 

5-9' 

16.4 

3.3 

1.0 

2.90 

18  HR 

I0.90 

>♦.3 

3-9 

0.6 

2.2 

Cells  Pre- 

Incubated  With  Colchicine 

LN 

Spleen 

Liver 

Lungs 

Gut 

2 HR 

4.  lO 

29.7 

4.4 

4.1 

2.25 

4 HR 

6.56 

25-5 

*<•7 

2. 1 

3-05 

8 hr 

8.72 

25.3 

2.1 

3.6 

18  HR 

13.19 

7.2 

4.6 

0.8 

2.70 

Untreated  Cells 

LN 

Spleen 

Liver 

Lungs 

Gut 

2 HR 

3.86 

43.0 

9.25 

5.64 

2.34 

4 HR 

5.67 

30. 1 

7-5' 

t .80 

2.83 

8 MR 

7.63 

12.7 

5.76 

1.31 

2.11 

18  HR 

12.54 

5.7 

6.  lO 

0.67 

1.25 

^Each  value 

REPRESENT*?  THE 

mean  derived 

FROM  STUDY  OF  3"5  R*TS. 

TABLE  1I4 

THE  ACCUMUUTION  OF  RADIOACTIVITY  TOTAL  DOSE  INJECTED)  IN  THE  ORGANS  OF 
NORMAL  RATS  INFUSED  WITH  300xi0t^  3h-URIDINE  LABELED  LYMPHOCYTES 
PRE -TREATED  WITH  LUMICOLCHIC INE**' 


% Uptake 

Us iNG  Cells 

Treated  With  iO"  M 

LuM I COLCH 

1 C 1 NE 

T iME  After 

LN 

Spleen 

Liver 

Lungs 

Gut 

InFUS I ON 

' HR 

3,01 

i‘j.Ol| 

30.1)0 

1)2 . 1 /- 

2.1/ 

2 HR 

i4.3b 

26. *3 1 

11.28 

5.82 

' '3 

4 HR 

il.89 

22.87 

8. 1 7 

2.1)2 

1 .()') 

8 HR 

7.68 

19.1)2 

7. '17 

..58 

2.81 

2h  HR 

20. 1 1 

7.2b 

6.83 

1.1)3 

3. 81 

% Uptake 

Us  ing  Cells 

Treated  With  iO“^^ 

LuM I COLCH 1 

CINE 

LN 

Spleen 

Liver 

Lungs 

Gut 

J HR 

3.78 

20.29 

28.43 

37.02 

2.80 

2 HR 

l)b.92 

•3. '9 

6.58 

l|.8i 

HR 

7.28 

35.  oO 

6.33 

3-93 

2.85 

8 HR 

i2.20 

28.1)2 

8.79 

2.1/ 

5.8c8 

2h  HR 

21).  29 

5-77 

1O.72 

3.70 

4.1)0 

% Uptake 

Using  Untreated  Cells 

^ut 

LN 

Spleen 

Liver 

Lungs 

2 HR 

3.80 

25.86 

26.98 

35.84 

2.97 

2 HR 

»).62 

25.27 

i4.64 

5.52 

2.34 

^ HR 

4.b6 

27-38 

9.07 

2.59 

1 .98 

8 HR 

6.38 

14.85 

4.93 

'•39 

'■S)3 

2U  HR 

20.7b 

6.68 

b.t^) 

1.27 

3./' 

^EaCH  point  = MEAN  VALUE  DERIVED  FRDM  THE  STUDY  OF  3"5 
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TABLE  15 

COMPARISON  OF  THE  INTRA-NOOAL  DISTRIBUTION  OF  NORMAL  AND  COLCHIC INE -TREATED 
RADIOLABELED  LYMPHOCYTES  BY  AUTORADIOGRAPHY  AT  SEQUENTIAL  INTERVALS 
AFTER  TRANSFUSION  INTO  NORMAL  RECIPIENTS 


HEV 

HEV 

WALL  - 

lO  HPF  OF  ' 

Medullary  , Total 

T iME  After 

Lumen 

AND 

SHEATH 

Diffuse 

CORTEX 

sinuses  1 

Inject  ion 

NL 

COLC 

NL 

COLC 

NL 

COLC 

NL 

COLC  . NL  COLC 

3 M IN 

lO.i 

1 .6 

1^.6 

0.3 

0.2 

0 

1 .0 

0 27  2.1 

30  MIN 

1 .8 

3-t' 

21. & 

4.1  ‘ 

26.8 

1.4 

1 .2 

0 199.6  9.1 

1 

1 HR 

0.4 

4.2 

i2.i 

6.4 

i‘jO.8 

1 1 . ( 

1O.2 

'•3  ; •73-^  ?3.3 

HR 

2.2 

o.y 

i2.0 

0.9 

302.8 

lO.O 

2').i> 

1.4  ^342.(1  13.1 

2h  hr 

4.0 

' •‘3 

22.3 

1 .0 

4oo.? 

304 . 1 

23.3 

20.3  495.4  332. 

# » OBSERVATIONS  ON  SUBMANDIBULAR  NODES  EACH  VALUE  IS  TmE  MEAN  DERIVED  FROM 
STUDY  OF  3“D  DIFFERENT  NODES. 


TABLE  lb 


THE  ACCIMULATION  OF  RADIOACTIVITY  OF  TOTAL  DOSE  INJECTED) 

IN  PERIPHERAL  LYMPH  NODES  AFTER  INFUSING  3h.UR|DINE  LABELED 
THORACIC  DUCT  LYMPHOCYTES  DERIVED  FROM  COLCHICINE  TREATED  RATS  INTO  NORMAL  RECIPIENTS 


Nodal  Uptakl  of  Raoioactivity  # 


Hours  After 

Cell  Infusion 

TDL  From 

CoLCH ic  ine  Rats 

TDL  From 
Normal  Rats 

1 

s 

o.4o 

1 .96 

2 

0.43 

3.80 

4 

0.50 

5.60 

8 

0.78 

8.31 

iri 

3.45 

i2.04 

# “ Each  value  represents  mean  derived  from  study  of  3-5  rats. 


I 
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TABLE  1 7 

THE  ACCUMULATION  OF  RADIOACTIVITY  IN  ORGANS  OF  RATS  INFUSED  WITH  3h-URIDINE 
LABELED  LYMPHOCYTES  ONE  HOUR  AFTER  IP  INJECT  ION  WITH  COLCHICINE^ 


Colchic ine 

Dose  of  i 

mg/Kg 

T iME  After 

LN 

Spleen 

Liver 

Lungs 

Gut 

Inject  ion 

2 HR 

o.6i 

5-5 

16.3 

•5-7 

5-' 

4 HR 

0.94 

9.3 

17.0 

8.6 

6 . 1 

8 HR 

2.23 

1O.3 

i4.3 

3.4 

7-7 

24  HR 

2. 16 

2.9 

6.3 

0.9 

4.9 

Colch I C I ne 

Dose  of  0. 

5 mg/Kg 

LN 

Spleen 

Liver 

Lungs 

Gut 

2 HR 

'•35 

•3.3 

i4.i 

9.' 

1.95 

4 HR 

1.82 

8.1 

13.8 

4.0 

2.6i 

8 MR 

4.  lO 

8.1 

13.6 

2.9 

5.43 

24  MR 

6.24 

3.0 

8.4 

1 . 1 

2.91 

Colchic 

INE 

Dose  of  0. 

1 mg/Kg 

LN 

Spleen 

Liver 

Lungs 

Gut 

2 HR 

2.O1 

19.1 

7-5 

•3-3 

1 . 1 

4 HR 

2.45 

7.6 

3-9 

1 .6 

i2.  1 

8 HR 

3-3' 

7.6 

5.8 

2.6 

1O.4 

24  hr 

7.85 

>*•3 

0.6 

1.4 

2.6 

Sal ine 

Only 

IP 

LN 

Spleen 

Liver 

Lungs 

Gut 

2 HR 

2.4 

28.3 

i4.9 

5-6 

3.0 

4 HR 

4.1 

24.5 

6.2 

1 .2 

3.2 

0 HR 

7.3 

16.8 

6.3 

1 .4 

9.' 

24  HR 

i4.6 

6.2 

5-' 

0.8 

b.5 

M 

In  each  study 

colchicine  was 

INJECTED  ONE 

HOUR 

BEFORE  AND  8 HOURS  AFTER 

CELL 

TRANSFUSION  TO  MAINTAIN  UNINTERRUPTED  PHARMACOLOGIC  EFFECTS  DUE  TO  DRUG  TURNOVER 


IN  VIVO. 
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TABLE  |8 

THE  ACCUMULATION  OF  RADIOACTIVITY  (j<  TOTAL  DOSE  INJECTED)  IN  RAT  ORGANS 
24  HOURS  AFTER  INFUSING  300xi0^  3h-URIDINE  LABELED  LYMPHOCYTES  TREATED  WITH  VINCRISTINE 


% Uptake 


Dose  oe 
Vincristine 

LN 

Spleen 

Liver 

Lungs 

Gut 

None 

i4.97 

16. Oi 

11.03 

1.72 

6.2 1 

1 

o 

i2.0i 

19.44 

lO.OO 

1 .54 

^.33 

1 

o 

11.6? 

17.83 

12.20 

1 .69 

^.77 

lO'^ 

9.88 

15.28 

1O.31 

1 .60 

3.97 

lO’^M 

9.76 

16.22 

11.33 

1 .58 

4.78 

^EaCH  value  ■ MEAN  DERIVED  EROM  STUDY  OE  3“5  RATS. 
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TABLE  1 9 


CHEMOTACTIC  RESPONSES  OF  DIFFERENT  RAT  LEUKOCYTE  POPULATIONS 
TO  ENDOTOXIN-ACTIVATED  SERUM 


Type  of  Lymphocyte 

Normal  TDL 

T-Blasts 

B-Blasts 

Lymphoma  8 

Granulocytes 

Macrophages 


Population  Distribu 
BY  Stem-Leaf  Plott 

Shift  towards  A 

shift  towards  a 

Random 

Random 

Shift  towards  A 
Shift  towards  A 


TION^  ChEMOTACTIC 
INC  Index  (A/B) 

4.3 

5.4 

1.4 
1 .2 
6.9 
4.0 


Chemotact  I c 
Differential  (a-B) 

132  microns 

1 130  M I crons 

2l  MICRONS 

33  MICRONS 

1280  M I CRONS 

1O6O  MICRONS 


'A 

B 


CELL  MOVEMENT  FROM  CENTER  WELL  TOWARDS  OUTER  WELL 
CELL  MIGRATION  FROM  CENTER  WELL  TOWARD  INNER  WELL 


CONTAINING  CHEMOTACTIC  FACTOR 
CONTAINING  CONTROL  SOLUTION 


TABLE  20 

CHEMOTACTIC  RESPONSES  OF  NORMAL  RAT  THORACIC  DUCT  LYMPHOCYTES  (TOL)  INCUBATED 
WITH  CON  A AND  THEN  EXPOSED  TO  A GRADIENT  OF  ENDOTOXIN-ACTIVATED  SERUM 


Type  of 

Cells 

Population  Distribution 

BY  Stem-Leaf  Plotting 

ChEHOTACT 1C 
Index  (A'B) 

Chemotact  1 c 
Differential  (A-B) 

Normal  TOL 

SHIFT  towards  a 

i*.3 

132  MICRONS 

Con  A-TDL  at 

HOURS 

NO  MOVEMENT 

0 

0 

Con  A-TOL  at 

36 

HOURS 

NO  MOVEMENT 

0 

0 

Con  a -TOL  at 

1*8 

HOURS 

SHIFT  TOWARDS  A 

6.8 

139D  microns 

1 


“♦5 

TABLE  2 1 

THE  IDENTITY  OF  THE  LYMPHOCYTE  CHEMOATTRACTANT  IN  ENDOTOXIN-ACTIVATED  SERUM 


Type  of  Cell  Type  of 
Serum* 


GRANULOCYTES 

granulocytes 

GRANULOCYTES 

GRANULOCYTES 

GRANULOCYTES 


NS 

ENS 

HNS+E 

ENS+H 

CVS+E 


Population  Distribution  Chemotactic 
BY  Stem-Leaf  Plotting  Index  (A/B) 

random  I . I 

SHIFT  TOWARDS  A 6.9 

RANDOM  I .3 

SHIFT  TOWARDS  A 6.0 

random  0.9 


Chemotact ic 
Differential  (A-B) 

23  MICRONS 
1280  MICRONS 
3^  MICRONS 
l2lO  MICRONS 

-30  microns 


macrophages 

NS 

RANDOM 

1 .0 

0 microns 

macrophages 

ENS 

SHIFT  towards  a 

l4.0 

1O6O  M 1 CRONS 

j macrophages 

HNS+E 

RANDOM 

'.3 

30  MICRONS 

macrophages 

ENS+H 

SHIFT  TOWARDS  A 

l*.l 

1O18  MICRONS 

macrophages 

CVS+E 

RANDOM 

1 . 1 

18  MICRONS 

TDL 

NS 

RANDOM 

0.9 

- 16  M 1 CRONS 

TDL 

ENS 

SHIFT  TOWARDS  A 

132  MICRONS 

TDL 

HNS+E 

RANDOM 

1 . 1 

24  MICRONS 

TDL 

ENS+H 

SHIFT  TOWARDS  A 

3-9 

|20  MICRONS 

TDL 

1 

CVS+E 

SHIFT  TOWARDS  A 

3.2 

98  M 1 CRONS 

T-Blasts 

NS 

RANDOM 

1 .2 

60  MICRONS 

T-Blasts 

ENS 

SHIFT  TOWARDS  A 

5.4 

1 130  MICRONS 

T-Blasts 

HNS+E 

RANDOM 

0.9 

-46  MICRONS 

T-Blasts 

ENS+H 

SHIFT  TOWARDS  A 

5.0 

IO8O  MICRONS 

T-Blasts 

CVS+E 

SHIFT  TOWARDS  A 

5-5 

1 166  MICRONS 

NS  = NORMAL  RAT  SERUM 

ENS  = ENDOTOXIN  ACTIVATED  NORMAL  SERUM 

HNS+E  = NORMAL  SERUM  HEATED  AT  FOR  20  MINUTES  THEN  TREATED 

ENS+H  = ENDOTOXIN  ACTIVATED  SERUM  HEATED  AT  '^6°C  FOR  20  MINUTES 

CVS+E  = SERUM  FROM  RATS  DEPLETED  OF  C'^  “ BY  TREATMENT  WITH 

AND  ACTIVATED  BY  ENDOTOXIN 


WITH  ENDOTOXIN 

BEFORE  USE 

COBRA  VENOM  FACTOR 


h6 


TABLE  22 

THE  ACCUMULATION  OF  RADIOACTIVITY  (%  DOSE  INJECTED)  IN  THE  ORGANS  OF  VENOM-TREATED  RATS 
AT  SEQUENTIAL  INTERVALS  AFTER  INFUSING  300xi0^  3h-URIDINE  LABELED  LYMPHOCYTES 


% Uptake 

IN  Venom-Treated 

Rats 

T iME  After 

LN 

Spleen 

Liver 

Lungs 

Gut 

Inject  ion 

2 HR 

3-59 

25.19 

9-99 

7.83 

4.79 

U MR 

4.09 

16.37 

8.25 

. 1 0 

4.13 

C MR 

8.o2 

17.92 

5. 16 

2.3b 

6.;j0 

2'L  hr 

9.89 

5.74 

4.22 

0.94 

').2L' 

2 HR 

LN 

3.‘<7 

% Uptake 
Spleen 

18.81 

IN  Saline-Treated 
Liver 

7.12 

Controls 

Lungs 

9.21 

Gut 

2.55 

4 MR 

5.95 

20.83 

6.62 

2.93 

4.81 

d MR 

6.65 

16.33 

5.29 

2.3' 

4.4o 

24  MR 

|0.|2 

6.O1 

4.75 

0.95 

5.4 1 

M 

Each  value 

= MEAN  DERIVED 

FROM  STUDY  OF  2-3 

RATS  . 

Type  or  Cell 


GRANULOCYTES 

MACROPHAGES 

TDL 

T -Blasts 
3-Blasts 
Lymphoma  8 


^7 


TABLE  23 


COMPARISON  OF  THE  CHEMOTACTIC  RESPONSES'*’  OF  RAT  LEUKOCYTES 
TO  OTHER  KNOWN  CHEMOTACTIC  FACTORS 


E.coli  Culture 


F I ltrate 


Supernatants  From 
A23 187 -Treated 
Buefy  Coat  Cells 


Chemotact ic* 
Tripeptioe  of 
ScH  I ffman 


0 

0 

0 

0 

0 


0 

0 

0 

0 


0 

0 

0 

0 


+ = Chemotactic  index  of  2 or  more  and/or  chemotactic  differential  of  iOO  or  more  microns. 


* = E Mft-Leu-Phe  at  concentrations  ranging  from  lO"  - lO' 


MiORAT INC 

TABLE  2k 

THE  ABILITY  OF  LYMPHOCYTES  TO  SECRETF  FACTORS  CAUJilNG 

DIRECTIONAL  MIGRATION  OF  OTHER  LYMPHOID  SUBPOPULATIONS 

Cell  Source  or  Directional  Movement  Chemotactic 

ChEMOT AC  T 1 C 

CtLL  TYPE 

Chemotactic  Stimulus 

Inocx 

D 1 r TERENT 1 AU 

B-DLAGIS 

B-ulasts 

RANDOM 

1 . 1 

30  u 

T -OLASTG 

B-BL ASTS 

TOWARDS  B CELLS 

3.b 

MhO  u 

TDL 

B-olasts 

RANDOM 

0.9 

-!(.>  U 

Ly  0 

B-blagts 

RANDOM 

1 .2 

6^1  u 

B-blasts 

T-olasts 

RANDOM 

T-blast j 

T-olasts 

RANDOM 

TDL 

T-dlasts 

RANDOM 

Ly  8 

T-hlasts 

RANDOM 

B-ol*sts 

T-hlagts 


RANDOM 

random 

RANDOM 

RANDOM 


h9 


TABLE  25 


COMPARISON  OF  REGIONAL  AND  CONTRALATERAL  AXILLARY  LYMPH  NODE  WEIGHTS  IN 
RATS  INJECTED  SO  WITH  COMPLETE  FREUND'S  ADJUVANT 


Days  After  Regional  Contralateral 


CFA  Injection 

Mean 

Range 

Mean 

Range 

0 

18 

(i6-2i) 

•7 

(i4-2i) 

( 

38 

(24-65) 

2i 

(13-28) 

3 

4i 

(30-56) 

2i 

(.4-25) 

7 

53 

(28-90) 

25 

('5-33) 

1 i4 

‘*7 

(26-63) 

23 

("•30) 

28 

38 

(26-58) 

23 

(•3-28) 

1 56 

34 

(29-42) 

24 

(•8-27) 

# * Each  point  represents  the  mean  of  iO  rats  studied. 


rr 


30 


TABLE  26 

PERIPHERAL  LYMPHATIC  TISSUE  WEIGHT  AT  SEQUENTIAL  INTERVALS 
AETER  CHALLENGE  WITH  VEE  IN  COMPLETE  CPA 


CFA  Injected 

Rats  it 

Saline  Injected 

Controls  # 

Days  After 
Injection 

Lymph  Node  Wt 

Spleen  Wt 

Lymph  Node  Wt 

Spleen  Wt 

0 

760 

4d2 

4d4 

1 

d‘37 

430 

— 

... 

3 

702 

457 

— 

7 

d')2 

324 

V 0 1 

‘)'3 

i4 

351 

— 

— 

2d 

9dy 

443 

7^9 

4^4 

1 id7 

9'9 

Sio 

933 

if  = Each  valuc  rcpresents  mean  derived  from  the  study  of  iO  rats. 
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TABLE  27 

SEQUENTIAL  CHANGES  IN  T AND  B-CELL  ZONES  OF  REGIONAL  LYMPH  NODES  AFTER 
IhtIUNIZATION  WITH  VEE  IN  COMPLETE  FREUND'S  ADJUVANT'*' 


Oa*s  After 
Challenge 

Lymph  Node 
We ight(mg) 

Cortical  Area 
6Y  Planimetry 

^ of  Total  Node 
Composed  by 
Cortex 

% OF  Total  Node 
Composed  uy  GC 

CORT 1 CAL 
Weight 
(mg) 

GC  We  h.mt 
(mg) 

MEAN  - SO 

MEAN  - So 

MEAN  - SD 

MEAN  * SD 

MEAN 

MEAN 

0 

.6  t 3.3 

2.3  i 0.9 

56.5  t 4.0 

2.0  - 1.1 

1O..7 

0.36 

1 

38  i 4.2 

2.7  i i.i 

56  t 7-5 

2.2  i 1.3 

21.28 

0.87' 

3 

4i  - 5.4 

4.5  - i.i 

o4  - 8.0 

2.9  i 1..- 

32.24 

1.19 

1 

83  - ^‘1 

'5.6  i O.u 

70  *4.4 

2.3  i 2.6 

37- '0 

1 .22 

i4 

47  i 4.6 

3.8  t ,.9 

65  - 9.U 

3.4  t 3.:^ 

30.55 

1 .uo 

2b 

36-5.1 

3-8  - '.7 

70  - 7.5 

8-7  - 't-3 

26.  ()0 

2.i‘, 

34  t !i.2 

--- 

— 

— 

— 

— 

# = Each  value  represents  the  mean  derived  from  study  of  6-b  rats. 
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TABLE  ?» 

SUMMARY  OF  THE  RADIOKINETIC  AND  MORPHOLOGIC  CHANGES  APPEARING  IN  REGIONAL 
NODES  DRAINING  INJECTION  SITES  OF  VEE  VACCINE  IN  CFA 


Oat  After 
Challenge 

Mean  Node 
Weight (mg) 

LMI# 

(mean) 

Tl* 

(mean) 

Ltmpmoctte 

"Plugs" 

Granuloma 
Format  ion 

CORT 1 CAL 

Mass(mg) 

Medullary 
Mass  (mg) 

0 

itt 

0.72 

0.9** 

0 

0 

I0.2 

7.8 

1 

38 

1.20 

1.86 

+ 

0 

21.3 

19.8 

3 

4i 

1.2*1 

3.03 

++ 

0 

32.2 

7.6 

7 

53 

•.32 

2.2*1 

++ 

0 

37.1 

1*1.7 

1*1 

^*7 

1 . i*t 

3.23 

+ 

+ 

30. 0 

i*i  .8 

2o 

38 

1 .ck5 

1.63 

+ 

+ 

2o.7i 

9.3 

56 

3*1 

-- 

1.17 

+ 

+ 

-- 

-- 

((f  = LMI 


NUMBER  OF  MIGRATING  LYMPHOCYTES 
number  of  endothelial  CELLE 


COUNTED  IN  Hir.TOLOC.  1C  EtCTIONE. 


# = Tl 


TOTAL  DW  IN  REGIONAL  NODE 
TOTAL  DPV  IN  CONTRALATERAL  NODE 

Labeled  TDL  cells  IV. 


AT  2*1  HOURS  AFTER 


I NFUS ING 


3xiO'^ 


^H-ur I d I nf 


1 
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TABLE  29 

COMPARISON  OF  THE  ACCUMULATION  OF  RADIOACTIVITY  IN  AXILLARY  LYMRH  NODES  AFTER 
INJECTING  3h-URIDINE  LABELED  LYMPHOCYTES  INTO  CFA  TREATED  RATS 


Days  ArrcR 

CFA  Injection 

Regional  Node 

Uptake  or  total  dose) 

Trapping  Index 
^CPM  RN^cpM  in  CN) 

Contralateral  Node 

Uptake  total  dose) 

0 

•3' 

.33 

. 

.65 

1.86 

•35  i 

3 

1 . 15 

3-03 

.3«  i 

7 

.83 

2.24 

•35 

1.15 

3.23 

.40 

28 

.52 

1 .63 

•32 

'yb 

1.17 

.29 

J 
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TABLE  30 

1 .1 

COMPARISON  OF  THE  ACCUMULATION  OF  RADIOACTIVITY  IN  THE  TOTAL  \ 

» I 

MASS  OF  ORGANIZED  LYMPHATIC  TISSUE  OF  CFA-TREATED  RATS  0 ' 


Days  After 

Lymph 

Node  Uptake  + 

Spleen 

Uptake 

CFA  Injection 

(%  OF 

oosE  injected) 

{%  OF  DOSE 

injected) 

Ml  *N 

(ranui ) 

PLAN 

( IIANOE  ) 

0 

13.. 

9-3 

(3-n 

1 

12.5 

(i2-i3) 

n.05 

(5-0) 

3 

1 1 .t) 

( iC-i2.3) 

‘;.ul 

{9-u.u) 

7 

9.' 

(5-lO.-;) 

(0-7. *)) 

lit 

iii.  1 

(•3-''*. 7) 

'>.'1 

(.-b) 

25 

i2.2 

(m-.?) 

‘‘•3 

0 

1 

56 

9.3 

(ri-M) 

(.-3) 

0 = Each  value 

REPRESENTS  THE  MEAN 

DERIVED  FROM  THE 

STUDY  OF  3-5  RATS. 

+ = All  values  represent  the  total  uptake  at  2k  hours  post-transfusion  with 

LABELED  LYMPHOCYTES. 
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TABLE  3 1 


I 


THE  EFFECTS  OF  ADJUVANTS  UPON  ANTIBODY  RESPONSES  TO  VEE  VACCINE 


Plaque  Neutralization  Titers 


Type  or 

ImHuN I ZAT ION 

Rat 

Procedure 

2 wKs 

WKS 

6 WKS 

8 WKS 

|2  WKS 

20  WKS 

NORMAL 

VEE  X 

i06 

557 

403 

64o 

320 

C)0 

SD 

1.0 

2. 1 

1 .0 

1 . 1 

' *5 

1 . 1 

SE 

0.0032 

0.0067 

0.033 

0.033 

0.048 

0.03? 

Thyme  X 

VEE  f 

■7T7O 

~T22 

oTo 

■"277 

>'i2  ~ 

SD 

1 .0 

'.7 

3-' 

6.0 

4.1 

3.2 

SE 

0.0032 

0.0054 

0.0097 

0.0 'jT 

0.O13 

NORMA- 

VEE  X 

3378 

6629 

5090 

3599 

3578 

560 

+ SD 

1 .0 

1 .2 

'.3 

' .5 

1 .4 

2. 1 

CFA  SE 

0.0032 

0.0037 

0.0i3i 

0.6i45 

O.O135 

0.0150 

THYMEX 

VEE  X 

'3, '95 

15,229 

(>830 

7007 

50^2 

1 /uO 

+ SD 

1 .0 

1 . 1 

1 . 1 

1 . 1 

1 .2 

1 .4 

CFA  SE 

0.0032 

0.0034 

0.0035 

o.oo^4_ 

0.0036 

0.0i4‘) 

NORMAL 

VEE  X 

422 

320 

320 

|8^/ 

1 l() 

INTO  SD 

1 . 1 

3.8 

2.0 

2.7 

2.8 

1 .6 

- thymus  SE 

_o^cio36 

0.0120 

0.0062 

o.qo82_ 

0.00l'i6 

p_,ooj? 

NORMAL 

VEE  X 

320 

'59 

35 

20 

'/ 

. lO 

+ SD 

2.0 

3-5 

2.5 

1 ,6 

1 .4 

-- 

Digitonin  SE 

0.0062 

0.0109 

0.0078 

o.oo49 

0.0044 

THYMEX 

VEE  X 

ao 

106 

80 

'39 

61 

83 

+ SD 

1 .6 

2.0 

2.4 

2 .6 

2.9 

2.3 

Did  TON  in  SE 

0.O162 

0.0064 

0.0076 

0.0082 

0.0092 

0.0066 

I 
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This  report  demonstrates  that  a variety  or  different  ligands  sucn  as 

POLYCATIONIC  DYES,  CONCANAVALIN  A AND  ANT  I - I MMUNOGLOBUL I N AGGREGATE  OUTER 
MEMBRANE  COMPONENTS  TO  FORM  PATCHES  AMO  CAPS  VISIBLE  BY  TRANSMISSION  ELECTRON 
MICROSCOPY,  At  HIGN  LIGAND  CONCENTRATIONS,  THIS  RESULTS  IN  "bL I NOFOLO I Ng" 
ErffCTS  WHICH  DISRUPT  LYMPHOCYTE  RECIRCULATION  BY  PREVENTING  THE  TREATED  CELLS 
FROM  ATTACHING  TO  HEV  SURFACES.  In  VITRO  OBSERVATIONS  INDICATE  THAT  THESE 
MEMBRANE-L IGANO  COMPLEXES  ARE  SLOWLY  CLEARED  FROM  LYMPHOCYTE  SURFACES  BY 
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20.  Abstract  (con't.) 

SHCOOING  AND  CNDOCYTOSIS.  HOWCVCR,  WHEN  SUCH  CELLS  ARE  TRANSrUSEO  INTO  NORMAL 
RECIPIENTS,  THE  SURTACE  LIGANOS  ARE  STRIPPED  FROM  THE  LYMPHOCYTE  MEMBRANE  AS 
these  CELLS  emigrate  ACROSS  HCV  WALLS  BY  SELECTIYE,  SEGMENTAL  PHAGOCYTIC 
ACTIVITY  or  THE  ADJACENT  ENDOTHELIAL  CELLS.  ThESE  OBSERVATIONS  SUGGEST  THAT  A 
MAJOR  PHYSIOLOGIC  FUNCTION  OF  H I GH'ENDOTHEL I AL  CELLS  IS  TO  "sCRUB"  THE  SURFACES 
OF  emigrating  lymphocytes  and  remove  ADSORBED  PROTEINS  OR  IRRELEVANT  ANTIGENS 
BEFORE  THE  LYMPHOCYTES  ENTER  THE  NODAL  PARENCHYMA  WHERE  THE  CRITICAL  SEQUENCE 
OF  ANTIGEN  RECOGNITION  AND  CELLULAR  COLLABORATION  OCCUR.  RELATED  STUDIES  WITH 
COLCHICINE  AND  THE  C YTOCHALAS I NS  PROVIDE  ThE  FIRST  EVIDENCE  INDICATING  THAT  THE 
SURFACE  RECOGNITION  MECHANISMS  REQUIRED  FOR  LYMPHOCYTE  "hOMING"  INTO  HCV  ARC 
linked  TO  THE  CYTOSKCLCTON  THROUGH  TRANSMCMBRANC  RESTRAINTS.  POSTULATES  THAT 
THE  ENTRY  AND  SUBSEQUENT  REDISTRIBUTION  OF  LYMPHOCYTE  SUBPOPULATIONS  INTO 
OIFFERENT  ZONES  WITHIN  LYMPH  NODES  MAY  BE  CONTROLLED  BY  CHCMOTAXIS  ARC  SUPPORTED 
BY  DEMONSTRATIONS  THAT:  LYMPHOCYTES  EXHIBIT  TRUE  CHEMOTACTIC  RESPONSES  _IJN  VITRO; 
SELECTIVE  LYMPHOCYTE  CHEMOATTRACTANTS  ARE  CCNCRATEO  BY  ENDOTOXIN  ACTIVATION 
OF  SERUM  depleted  OF  - C'^  BY  TREATMENT  WITH  COBRA  VENOM  FACTOR,  AND  THAT 

LYMPHOCYTE  SUBCLASSES  DISPLAY  DIRECTIONAL  MIGRATION  TO  DIFFCRCNT  CHEMOTACTIC 
AGENTS  (i.E.:  B-BLASTS  ELABORATE  FACTORS  WHICH  ATTRACT  T-BLASTs). 

Studies  on  the  potentiation  of  immune  responses  to  VCE  vaccine  by 
complete  Freund's  adjuvant  indicate  that  agent  causes  prolonged  lymphocyte 
trapping  and  granuloma  formation  in  the  regional  node  consistent  with  re 

STIMULATION  WHICH  ARC  FOLLOWED  BY  NODAL  ENLARGEMENT  BY  PROMINENT  GERMINAL 
CENTERS  AND  CXPANOCO  MEDULLARY  CORDS.  Of  EQUAL  INTEREST  ARE  DEMONSTRATIONS 
THAT  THYMECTOMY  PRIOR  TO  CHALLENGE  WITH  VEE  VACCINE  ALONE  OR  IN  COMBINATION 
with  ADJUVANTS  RESULTS  IN  GREATER  AND  MORE  PKOLONGCD  ANTIBODY  RESPONSES  THAN 
ARC  SEEN  BY  COMPARABLE  IMMUNIZATION  OF  INTACT  ANIMALS.  ThESE  RESULTS  SUGGEST 
THAT  THE  ABROGATION  OF  T-CELL  SUPPRESSOR  EFFECTS  MAY  PROVIDE  ANOTHER  MEANS 
FOR  AUGMENTING  IMMUNE  RESPONSES  INDUCED  BY  VACCINES  AND  ADJUVANTS. 
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